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THE ELECTROCARDIOGRAPHIC DIAGNOSIS OF RIGHT 
VENTRICULAR HYPERTROPHY 


Gorpon B. Myers, M.D., Howarp A. KLEIN, M.D., AND 
BERT E. Storer, M.D. 
DETROIT, MICH. 


HE difficulty of positively establishing or definitely excluding the presence 

of right ventricular hypertrophy by physical or roentgen examination is 
well known and the need for additional diagnostic procedures is apparent. In 
spite of the extensive use of the electrocardiogram, there is as yet no general 
agreement as to its value in the diagnosis of right ventricular hypertrophy. In 
the first part of this communication the electrocardiographic findings are critically 
reviewed and elaborated upon. In the second part, an analysis is made of all 
of our patients in whom the presence of preponderant right ventricular hyper- 
trophy was established at autopsy, and Wilson precordial, Goldberger extremity, 
and standard limb leads had been obtained during life. 


THE CRITERIA FOR THE DIAGNOSIS OF RIGHT VENTRICULAR HYPERTROPHY 
FROM THE STANDARD LEADS 


An analysis of any large series of patients in whom the presence of pre- 
ponderant hypertrophy of the right ventricle was established at autopsy has 
revealed some cases in which the standard leads are normal or exhibit nonspecific 
abnormalities not suggestive of right ventricular hypertrophy.'- Thus, the 
diagnosis may be missed completely if the electrocardiographic study is limited 
to standard leads.’ The question remains as to whether or not there are any 
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findings in the standard leads which may be regarded as pathognomonic of right 
ventricular hypertrophy. Three patterns have been variously considered as 
more or less diagnostic of right ventricular hypertrophy, namely: (1) definite 
right axis deviation in the standard leads, which, according to some authors, 
must be accompanied by RS-T depression and T-wave inversion in Lead III 
and, according to others, in Lead II, as well; (2) a pattern characterized chiefly 
by deep S waves in all three standard leads; and (3) certain P wave abnormalities 
attributable to auricular hypertrophy, which by inference was associated with 
right ventricular hypertrophy. While right bundle branch block may be asso- 
ciated with right ventricular hypertrophy, it is not diagnostic of the latter, since 
this conduction defect is most commonly due to coronary disease and may occur 
even though the right ventricle is normal in weight.*? 


Significance of Definite Right Axis Deviation With or Without RS-T Dispiace- 
ment and T-wave Inversion in Leads II and III.—It has long been known that right 
axis deviation may result from vertical position of the heart as well as from right 
ventricular hypertrophy, and much thought has been given to the establishment 
of criceria which would permit their differentiation. Some authors''*-!° have 
apparently accepted definite right axis deviation, characterized by an S, of 
greater amplitude than R, and by an R; of greater height than Rg, as sufficient 
evidence for a diagnosis of right ventricular hypertrophy. Others have attempted 
to express these relationships between the amplitudes of the component parts 
of the QRS in Leads I and III mathematically, either in terms of the cardiac 
index"! or in terms of the angle alpha from the Einthoven triangle.’2 The cardiac 
index, however, is often abnormal in mere vertical position of the heart, and is 
frequently within normal limits in right ventricular hypertrophy secondary to 
obstructive emphysema due to the low voltage in the standard leads. There- 
fore, the cardiac index is more apt to mislead than a casual inspection of the 
electrocardiogram. Calculation of the angle of the vector, although not subject 
to the same error as the cardiac index, is no more accurate than an empiric 
examination of the tracing in differentiating between right axis deviation due 
to vertical position and that due to right ventricular hypertrophy." Although 
an angle exceeding +110° is regarded as abnormal, it is sometimes found in 
vertical position of the heart without right ventricular hypertrophy, whereas 
an angle of less than +110° is not uncommon in persons with preponderant 
hypertrophy of the right ventricle. The fallacy of basing a diagnosis of right 
ventricular hypertrophy on the presence of definite right axis deviation in the 
electrocardiogram has been emphasized by Fox and Kremer" and will be ex- 
emplified and discussed at more length. 

Certain continental authors-'? have emphasized the greater diagnostic and 
more serious prognostic significance of definite right axis deviation when accom- 
panied by an inverted, rather than an upright, T;. Von Pein, Papageorgion, 
and Toelken'*® were unable to confirm this conclusion. Kienle!® recognized that 
right axis deviation with negative T; may occur in normal vertically placed 
hearts as well as in right ventricular hypertrophy, but stated that exercise makes 
T; become upright in the former and more deeply inverted in the latter. In 


| 


MYERS ET AL.: ECG DIAGNOSIS OF RIGHT VENTRICULAR HYPERTROPHY 3 


view of the known lability of T;, it is unlikely that dependable diagnostic in- 
ferences can be drawn from changes in its direction. 


Definite right axis deviation, accompanied by RS-T depression and T-wave 
inversion in Lead II as well as in Lead III, is commonly regarded as diagnostic 
of right ventricular hypertrophy or ‘“‘strain,”’ following a concept advanced in 
1929 by Barnes and Whitten.2° Although the majority of patients with this 
pattern have underlying right ventricular dilatation and hypertrophy, it must be 
emphasized that a substantial minority have no right ventricular lesion whatever. 
Klainer* has found right axis deviation with inverted T. and T; in patients 
where subsequent autopsy revealed isolated left ventricular hypertrophy with 
or without complicating myocardial infarction. Wilson and associates” have 
pointed out that this pattern may occur in uncomplicated left ventricular hyper- 
trophy when the heart is in vertical position. Under these circumstances, the 
heart is rotated clockwise on its long axis, so that the left ventricle occupies a 
posterior inferior position, resting upon the diaphragm. The potential variations 
of the epicardial surface of the posterior wall of the left ventricle are transmitted 
to the diaphragm and thence to the left leg, resulting in a tall R wave, a depressed 
RS-T junction, and an inverted T wave in Lead aVy, which are carried over into 
standard Leads II and III. The rotation brings the right ventricle more to the 
left and superior, so that the potential variations of its epicardial surface are 
referred to the left arm and are registered as a relatively small R and deep S in 
Lead aV,, which are carried over into standard Lead I. Goldberger and 
Schwartz***4 have confirmed this and have further pointed out that definite right 
axis deviation with RS-T depression and T-wave inversion in Leads II and III 
may occur in normal subjects when the heart is in vertical position with apex dis- 
placed forward. This is exemplified by Fig. 1, which reproduces the electro- 
cardiograms obtained on a young woman with asthenic chest, low diaphragm, 
and a vertically placed, but otherwise normal, heart. This patient is comparable 
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Fig. 1.—Effect of posture on limb leads of a normal person with vertically placed heart. 
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to those of Goldberger in the occurrence of an inverted T, and Ty, when the 
diaphragm was further lowered by assumption of the sitting posture and by change 
to an upright T. and diphasic T; when the diaphragm rose with recumbency. 
The negative T. and T; under such circumstances may be the result of sufficient 
alteration in cardiac position so that the electrode on the left leg is dominated 
by potential variations from the posterobasal aspect of the left ventricle near its 
junction with the left auricle. Tracings obtained through esophageal leads from 
points opposite the auriculoventricular junction normally reveal a QR complex 
and inverted T wave, resembling those in Leads aVg, II, and III of Fig. 1, taken 
in the sitting position; whereas tracings obtained through more distal esophageal 
leads opposite the posterior aspect of the left apex normally show the QR complex 
and upright T wave resembling those in Leads aVy and II, taken in the recumbent 
position. The greater amplitude of the P wave in Lead aV¥x in the sitting position 
is in keeping with closer approach of the auricles to the diaphragm and thus 
lends support to the foregoing hypothesis. 


Further evidence that the pattern characterized by definite right axis 
deviation accompanied by RS-T depression and T-wave inversion in Leads II 
and III is not pathognomonic of right ventricular hypertrophy, dilatation, or 
“strain” is afforded by Figs. 2 and 3. In these figures the electrocardiograms of 
a total of twelve cases are reproduced, arranged in four groups of three cases each. 
Post-mortem examination established the presence of a normal heart in one 
patient out of each triplet, right ventricular hypertrophy in another, and isolated 
left ventricular hypertrophy in the third. From a comparative study of the 
ORS complexes, the RS-T segments, and T waves of the three cases in each 
group, it would be difficult or impossible to make a positive differentiation. 


It has been implied that predictions can be made not only as to the degree 
of right ventricular hypertrophy, but also as to the severity and location of the 
underlying valvular defect from the degree of right axis deviation and the con- 
figuration of the T waves in Leads II and III.' Since definite right axis devia- 
tion with RS-T depression and T-wave inversion in Leads II and III may occur 
in the absence of right ventricular disease, even greater errors would be expected 
from diagnostic inferences based upon gradations of the pattern. For the same 
reason, the statement that right axis deviation in persons with aortic valvulitis 
indicates the presence of complicating mitral valvular disease” is untenable. 
Furthermore, attempts have been made to interpret certain variations in the 
pattern as indicative of coexistent left and right ventricular hypertrophy or 
“strain.’’ Right axis deviation with depressed RS-T; and inverted T,, left 
axis deviation with inverted T, and T;, and a neutral axis with depressed RS-T, 
and RS-T: and inverted T; have been ascribed to combined left and right ven- 
tricular hypertrophy or “‘strain.’’*® However, any of these three patterns may 
be obtained when lesions are confined to the left ventricle, the neutral axis or 
right axis deviation being due to semivertical or vertical position of the heart and 
the T-wave abnormalities being traceable to position alone or to complicating 
myocardial ischemia. It is our intention to elaborate further on this subject in 
a separate communication on left ventricular hypertrophy. 


CASE 
DIGITALIS 


350 361 435 HEART WT. 320 550 380 
0 R.V. L.vV. HYPERTROPHY 0 R.V. L.V. 
Leukem. Cor.  Hypert. AUTOPSY Duod.Ca. Rheum. Hypert. 

Hf.neg. pulm. DIAGNOSIS’ Hft.neg. M.S. 


Fig. 2 Resemblance of right axis deviation due to vertical position to that 
associated with right ventricular. hypertrophy. 


3A 38 3C CASE 4A 4B 4C 
0 + DIGITALIS + 


520 450 HEART WT. 250 400 562 
RV. LV. HYPERTROPHY 0 RV. LV. 


Diabet. Rheum. Hypert. AUTOPSY Gastric Ca. Rheum. Hypert. 
Ht.neg. M.S. DIAGNOSIS’ _Ht.neg. M.S. 


Fig. 3.—Resemblance of right axis deviation due to vertical position to that 
associated with right ventricular hypertrophy. 
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A few additional] features of the QRS contour in right axis deviation, which 
have been proposed as aids in differential diagnosis, remain for comment. Gold- 
berger and Schwartz*! have pointed out that a small but definite Q wave is asso- 
ciated with a tall R wave in Leads aVz, II, and III when right axis deviation is 
associated with vertical position of the heart, but that no Q wave would be 
expected in these leads when the tall R is derived from a hypertrophied right 
ventricle resting on the diaphragm. As mentioned before, the tall R wave found 
in Leads aVy, II, and III in vertical position of the heart is derived from activa- 
tion of the posteroinferior wall of the left ventricle. An interval of 0.01 to 0.02 
second normally elapses between the onset of activation of the septum and the 
arrival of the impulse at the posterior wall of the left ventricle. Negative 
potentials referred to the left ventricular cavity from septal depolarization are 
transmitted through the as yet unactivated posterior wall to the diaphragm and 
thence to the left leg, where they are registered as a Q wave in Lead aVx and in 
Leads II and III. With moderate right ventricular hypertrophy, as Goldterger 
and Schwartz recognized, the heart generally lies in vertical position and QR 
complexes of left ventricular origin are recorded in Leads aVx, II, and III. Even 
with marked right ventricular hypertrophy accompanied by rotation of the 
heart, so that potential variations of the epicardial surface of the right ventricle 
are referred to the diaphragm, a QR complex may be found in Leads aVg, II, 
and III, similar to that obtained in Lead V;.% A tall R wave, under such cir- 
cumstances, is due to activation of the hypertrophied inferior wall of the right 
ventricle and the antecedent Q wave to onset of activation of the septum slightly 
ahead of the arrival of the impulse in the outer wall of the right ventricle. The 
undependability of the direction of the initial deflection of the QRS in Leads II 
and III as a criterion for the differentiation between right axis deviation due 
to vertical position of the heart and that due to right ventricular hypertrophy 
is borne out by a study of Figs. 2 and 3. A Q; is present in three of the four 
patients who had right ventricular hypertrophy in these illustrations, absent from 
one patient having right axis deviation due to left ventricular hypertrophy, and 
questionable in another. 

It has been further pointed out that in vertical position of the heart the QRS 
of Lead II consists largely of an R wave, whereas in right ventricular hypertrophy 
it is diphasic, consisting of an RS complex.2?. Although this statement holds 
for the majority of cases, there are a sufficient number of exceptions to make it 
undependable. For example, a diphasic QRS» with prominent S wave was found 
in two patients (Case 4A of Fig. 3 and in Case A of Fig. 4) both of whom had normal 
hearts at autopsy. On the other hand, the S wave was insignificant in three 
patients (Case 2B of Fig. 2, Case 4B of Fig. 3, and in Case B of Fig. 18) all of 
whom had definite right ventricular hypertrophy at autopsy. Katz and asso- 
ciates** have amplified the criteria of right ventricular hypertrophy in standard 
Lead II to include two alternative patterns, namely, the prominent S with 
upright T, as discussed previously, or a prominent R with inverted T. How- 
ever, the latter pattern may occur in right axis deviation from vertical position 
in the absence of right ventricular hypertrophy and even in normal hearts, as 
exemplified by five patients (Cases 1A, 1C, 2A, 2C, and 3A of Figs. 2 and 3). 
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‘Katz and Wachtel?® have stated that a diagnosis of congenital heart disease 
can be made when two of the standard leads exhibit a high-voltage, diphasic 
ORS complex whose smaller phase is more than one-quarter the amplitude of the 
larger phase. Right axis deviation with QRS complexes conforming to this 
description is most often associated with congenital heart disease, probably 
because of the tendency to high voltage in such cases and the comparative 
rarity of high voltage in association with right ventricular hypertrophy due to 
other causes. However, the foregoing pattern is not pathognomonic of con- 
genital heart disease, because it is very occasionally found in long standing right 
ventricular hypertrophy from acquired causes and in infants with hearts which 
are normal to physical and roentgen examination. A gradual tendency for 


Fig. 4.—Electrocardiograms of two patients proven to have normal hearts at autopsy. 


QRS complexes to become more diphasic and to increase in voltage may be ob- 
served with gradually increasing right ventricular hypertrophy due to mitral 
stenosis, as shown in Fig. 5. In acute cor pulmonale, the QRS characteristically 
becomes diphasic in two or more standard leads and may increase considerably 
in amplitude, but generally remains within the limits of normal voltage. 


Significance of Electrocardiograms Characterized by Predominant S Waies 
in Each of the Three Standard Leads.—Schwartz and Marcus,*® in a study of 
24,200 electrocardiograms, found fifteen records in which the main deflection of 
the ORS consisted of an S wave in all three standard leads. In each of the nine 
patients who came to autopsy, right ventricular dilatation and/or hypertrophy 
was found. The authors also pointed out that the main deflection in each of the 
three standard leads may be downward as a result of myocardial infarction, 
but that the downward deflection under these circumstances is a Q wave. They 
concluded that a predominant S pattern in all three standard leads was due to 
increased size of the right ventricle, either from hypertrophy or dilatation, or 
both. Langendorf, Hurwitz, and Katz*> encountered the predominant S pattern 
in all three standard leads in seven cases and attributed it to coexistent left and 
right ventricular “‘strain,”’ obtaining autopsy confirmation in one patient. Gold- 
berger and Schwartz*‘*! have more recently reinvestigated patients with the 
predominant S pattern in all three standard leads and have concluded that it 
may occur in normal subjects, as wel] as in patients with right ventricular dilata- 
tion or hypertrophy. They have attributed the pattern to backward displace- 
ment of the apex in a vertically placed heart. Under these circumstances, the 
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potential variations of the epicardial surface of the right ventricle are referred 
to the left leg and are recorded as an RS complex in Lead aV; and thus contribute 
to the S wave in Leads II and III. The potential variations of the posterobasal 
surface of the left ventricle are referred to the right arm and are manifested 
by a small Q and prominent R wave in Lead aVp. Since the galvanometric 
connections to the right arm in standard Leads J and II are the reverse of those 
in Lead aVkx, the potential variations which give rise to the late upward deflec- 
tion in Lead aVg will be recorded as a late downward deflection, or S wave, in 
standard Leads I and II. This is illustrated in Fig. 9 and will be discussed 
further in the section on the Goldberger leads. Hence, electrocardiograms char- 
acterized by a predominant S wave in all three standard leads may occur with 
backward displacement of a normal heart and are not diagnostic of right ventric- 
ular hypertrophy. Passing mention might be made of an electrocardiogram 
characterized by a small R and deep S in each of the three standard leads obtained 
on a patient with situs inversus viscerum,” the diagnosis being evident from 
the inverted P and T waves in Lead I. If correction were made for the con- 
genital dextrocardia in that case, the position of the heart would probably be 
analogous to that of the patient, Case B, in Fig. 4. 


Significance of P-wave Abnormalities as Indirect Evidence of the Presence of 
Right Ventricular Ilypertrophy.—\Kahn* drew attention to the occurrence of tall, 
sharply peaked P waves in Leads I] and II] in bronchial asthma. Winternitz* 
described the pattern under the term ‘‘P pulmonale” and attributed it to ‘‘strain” 
on the right auricle secondary to pulmonary disease. Hecht*! stated that the 
P wave is always altered in right ventricular hypertrophy, and regarded ‘‘P 
pulmonale”’ as a frequent finding in such cases, but recognized that it may rarely 
occur in normal hearts. Continental authors,“ * in particular, have regarded 
“P pulmonale” as evidence of “strain’’ on the right side of the heart. The 
problem has been restudied recently by several groups,''*****> who have found 
the so-called “‘P pulmonale” in normal hearts in vertical position with forward 
displacement of the apex and have suggested that its association with pulmonary 
disease may be a result of alteration in cardiac position from lowering of the 
diaphragm due to emphysema. The variation in amplitude of the P wave in 
Leads aVg, II, and III with change in position of diaphragm is illustrated by 
Fig. 1. The increased height of the P waves in Leads aVx, II, and II] with lower- 
ing of the diaphragm may be due to a change of cardiac position which brings the 
auricles into closer approximation to the diaphragm, thereby facilitating trans- 
mission of their potential variations to the left leg. Hecht** also described a 
second pattern characterized by broad, split, and sometimes tall P waves under the 
term “P mitrale’’ and contended that it was secondary to mitral disease and 
never occurred in normal hearts. Although a broad, notched P wave 0.12 
second or more in duration may be taken as evidence of an auricular lesion, it 
can scarcely be accepted as evidence of right ventricular hypertrophy. 
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CRITERIA FOR THE DIAGNOSIS OF RIGHT VENTRICULAR HYPERTROPHY 
FROM THE PRECORDIAL LEADS 


A single precordial lead, particularly the customary Lead IV with exploring 
electrode at the apex, is of no value whatever either in establishing or excluding 
the presence of right ventricular hypertrophy. Therefore, no attempt will be 
made to review reports describing findings obtained with a single precordial 
lead. Continental authors have made use of two precordial leads. In one of 
these leads the exploring electrode was applied to the precordium over the left 
ventricle, and in the other it was applied to the chest wall in the neighborhood 
of the right ventricle, the latter point varying from the fourth intercostal space 
at the left sternal border*® to the third rib at the right sternal border.** Since 
studies of multiple precordial leads show great variability in the reference point of 
maximal right ventricular potential variations, a single precordial lead over 
each ventricle will not serve as an adequate basis for an estimate as to the pres- 
ence or absence of ventricular hypertrophy. This is exemplified by the study 
of Langendorf and Katz,’ who concluded that chest Leads CFs, CFy, and CF; 
were of less value in the diagnosis of right ventricular hypertrophy than the 
standard limb leads. 

The necessity of employing multiple precordial leads was early emphasized 
by Wilson and associates, as a result of their experience with direct leads in 
animals and in the exposed human heart. They advocated leads from six points 
on the precordium now accepted as standard reference points. Since the objec- 
tive of direct epicardial and semidirect precordial leads is to provide an accurate 
record of the potential variations of the exploring electrode, Wilson minimized 
the influence of the indifferent electrode through the use of the central terminal. 
No attempt will be made to review comparative studies of CR, CL, and CF 
leads because the mere fact that significant differences occur indicates that the 
potential variations of the remote electrode are sufficiently large to distort the 
recordings from the precordial electrode. 

Wilson and associates®“ have noted a tendency toward reversal in the 
normal precordial lead relationships in the presence of right ventricular hyper- 
trophy. In leads from the right side of the precordium, they found (1) that 
the R waves constituted the chief component of the QRS, (2) that a small ante- 
cedent Q wave may be present, (3) that S was either absent or relatively small 
in comparison with R, and (4) that the T wave was characteristically inverted. 
In leads from the left side of the precordium, R waves were abnormally small, 
S waves were abnormally large, and T waves were upright. These findings were 
confirmed by Goldberger.?* 

The classical pattern of right ventricular hypertrophy in the precordial leads 
is illustrated by Fig. 6. The diagnosis is readily made in these cases from a 
study of the QRS in Vj, as contrasted with that in Vg. The diagnostic features 
in V, are the abnormally increased duration and amplitude of the R wave and 
the absence of an S deflection. The time interval from the beginning of the 
R wave to the peak is abnormally prolonged, ranging from 0.03 to 0.04 second in 
the three cases, averaging 0.035 second. The increased duration, together 
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with the increased amplitude of the ascending limb of the R wave in Vj, reflects 
the abnormal thickness of the right ventricular wall. Close scrutiny of Lead V; 
of each of the three cases reveals a small Q wave preceding the R, an abnormal 
finding in this lead.**2 The time interval measured from the onset of ventricular 
activation (that is, from beginning of Q in V;) to, the arrival of the impulse at the 
epicardial surface of the right ventricle beneath V, (that is, peak of R or onset 
of intrinsicoid deflection) is even more prolonged, indicating an abnormallv late 
onset and completion of activation of the anterior wall of the right ventricle, a 
finding characteristic of right ventricular hypertrophy. The abnormally late 
completion of activation of the right ventricle is confirmed by the absence of S 
from Vj, indicating that the anterolateral wall of the right ventricle is one of the 
last portions of the two ventricles to be completely activated instead of one of the 
first, as is normally the case. 


Fig. 6.—Right ventricular hypertrophy. 


While attention is being directed to the duration of the individual components 
of the QRS, it should be noted that the total duration of the QRS ranges from 
0.08 to 0.10 second, averaging 0.09 second in the three cases. These measure- 
ments are well within normal limits and exclude the presence of complete right 
bundle branch block. When the R wave in Lead V;, is abnormally prominent, 


*The R wave may be normally absent from Vi, a QS complex constituting the initial and sole de- 
flection of the QRS under these circumstances. If an R wave is present in V;, it should constitute the 
initial deflection because the impulse normally reaches and begins to activate the anterior wall of the 
right ventricle very early. An initial Q preceding the R wave of V; would suggest a slight delay in onset 
of activation of this part of the right ventricle, a not uncommon finding in right ventricular dilatation 
and hypertrophy. 
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but the total duration of the QRS is below 0.12 second, a careful inspection must 
be made for double peaking and for abnormal slurring of the R wave in V,, 
resulting from incomplete right bundle branch block, as illustrated in Fig. 10 
and discussed later. It will be noted that the R wave in each of the three cases 
in Fig. 6 shows but one peak and does not exhibit notching or slurring, thus 
excluding incomplete right bundle branch block in these patients. 

The striking contrast between the pattern in V, and that in V¢ has already 
been mentioned as one of the most important features of the electrocardiograms 
in Fig. 6. The R wave in V¢ is abnormally small in each of the three cases and 
reaches its peak within the unusually short time interval of 0:02 second. Still 
more significant, however, is the fact that the R wave in V, of each of the three 
cases is followed by a relatively deepS wave. The attainment of the peak of the 
R wave in V, earlier than in V, is the reverse of the normal relationship and in- 
dicates that the impulse requires less time to traverse the left than the right 
ventricular wall in these patients. The continuing activation of the right ven- 
tricle results in transmission of negative potentials to the cavity and thence 
through the completely activated outer wall of the left ventricle to the electrode 
in Position V ¢, accounting for the S wave. 

A progressive decrease in ratio of R to S (or increase in amplitude of S at the 
expense of R) as the electrode is shifted leftward from Position V; to V¢ is typical 
of right ventricular hypertrophy and is illustrated by one patient (Case A of 
Fig. 6). The relative amplitude of S in reference to R is greater in V, than in 
any other lead. The fact that the actual amplitude of both the R and S deflec- 
tions is smaller in \V'¢ than in \V; is due to the decrement in potential with increas- 
ing distance from the heart. In another patient (Case B of Fig. 6), the close cor- 
respondence of the R waves of V» and V; to that of V; and the insignificance of 
the S waves in all three leads would suggest that the records in these leads are 
dominated by the potential variations of the epicardial surface of the anterior 
wall of the right ventricle. The comparable RS relationship in V4, V5, and V¢ 
would indicate that the tracings in these leads are dominated by the potential 
variations of the epicardial surface of the left ventricle. A progressive diminu- 
tion in the R/S ratio as the electrode is moved from right to left is also demon- 
strable in the patient (Case B), but not in the patient (Case C). In the latter, 
the tracings obtained at V» and \V; differ strikingly from that at V;, but resemble 
closely those obtained at V; and V,. Since the potential variations of the epi- 
cardial surface of the left ventricle are largely responsible for the QRS at V; 
and V¢, they presumably have a dominant effect upon the records obtained at 
Positions V.and V3. Thus, the transitional zone between the precordial reference 
points of the potential variations of the right and left ventricle is further to the 
right than usual, lying between Positions V; and V:. 

The RS-T junction in Lead V, of two patients (Cases A and C of Fig. 6) 
is practically isoelectric and -thus does not reveal the depression sometimes found 
in this lead in the presence of right ventricular hypertrophy. There is a question- 
able depression of the RS-T junction in Lead V, of one patient (Case B), but a 
definite depression in right ventricular Leads V; and V; of this patient. The 
straight downward slope of the RS-T segment in these leads raises the question 
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of digitalis action, but the patient had not been receiving this or allied drugs. 
The convexly upward bowing of the RS-T segment, best illustrated in Case C, 
and the inversion of the T wave in Lead V, of all three cases constitute the usual 
findings in semidirect leads over a hypertrophied right ventricle, but cannot be 
attributed to right ventricular hypertrophy unless characteristic changes in the 
QRS complex are also present. Convexly upward bowing of the RS-T segment 
and inversion of the T wave may occur normally in Lead V, of adults and in 
Leads V;, V2, and V; of children. Furthermore, sharp inversion of the T wave 
in Leads V,;, V2, and V3; may occur in adults as a manifestation of acute cor 
pulmonale, pericarditis, and anteroseptal infarction or ischemia. These condi- 
tions are distinguished from right ventricular hypertrophy by the rapid evolution 
of the T-wave abnormalities in serial electrocardiograms and by the absence 
of the abnormalities in the R wave of V; and in the R/S ratio in other precordial 
leads described earlier as characteristic of right ventricular hypertrophy. The 
upright T wave in Lead V, of all three cases is the typical finding in this lead. 

Attention has already been drawn to the close resemblance of the tracings 
obtained at V, in each of the three cases in Fig. 6 and the almost identical pattern 
in Vs. The patient in Case A was a 15-year-old boy, who had typical clinical 
and roentgen findings of right ventricular hypertrophy due to patent inter- 
auricular septum. The patient in Case B was a young woman, who gave a his- 
tory of recurrent rheumatic fever and had classical physical signs of mitral stenosis. 
The patient in Case C was a middle-aged mai. with chronic cor pulmonale due to 
pulmonary fibrosis and obstructive emphysema. Thus, right ventricular hyper- 
trophy from different causes tends to give rise to a similar electrocardiographic 
pattern. 

The development of the classical electrocardiographic pattern with gradually 
increasing right ventricular hypertrophy is illustrated by Fig. 5, which reproduces 
serial tracings obtained over a period of two and one-half years on a young man 
with mitral stenosis and gradually increasing right ventricular dilatation and 
hypertrophy. The early tracings reveal sinus rhythm, subsequently replaced 
by auricular flutter and then by auricular fibrillation. During the course of the 
year following the record of Feb. 5, 1944, the S wave disappeared from V, and 
appeared in V.¢, so that the electrocardiogram of March 17, 1945, was diagnostic 
of right ventricular hypertrophy in the prominence of R in V,, and absence of S 
from this lead, coupled with its relatively great amplitude in leads farther to 
the left. 

The amplitude of the Q, R, and S deflections in V;, V2, Vs, Ve, and aVp 
and the time interval from onset of QRS to (1) nadir of Q, (2) peak of R, (3) nadir 
of S, and (4) end of QRS were measured* in ten additional cases of typical right 
ventricular hypertrophy. Three of these had tetralogy of Fallot, two had cor 
pulmonale, and five had mitral stenosis. The minimal, maximal, and average 
values for each measurement are recorded in Table 1. Comparison of the find- 
ings in these ten cases with corresponding measurements in normal persons*:*4 


*At least three representative complexes were measured in each lead according to the method 
previously described.44 The Cambridge measuring device was loaned to us through the kindness of 
Dr. Frank N. Wilson. 
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reveals the following deviations from the normal: (1) the presence of a Q 
preceding the R of V: or Vz in the majority of the cases; (2) reversal in the ratio 
of the amplitudes of te R and S waves in V; and V¢, characterized by an abnor- 
mally large R in proportion to S in V;, a diminution in ratio in leads farther to 
the left, and a prominent S in V¢; and (3) time interval from onset of QRS to 
peak of R that is abnormally long in V; and greater than in V5. The findings in 
V, and V¢ need not be as striking as in the cases represented in Table I or in 
those illustrated in Fig. 6 to suffice for a diagnosis of right ventricular hypertrophy. 
This will be illustrated and discussed more fully in an analysis of the cases where 
preponderant hypertrophy of the right ventricle was established at autopsy. 

In commenting upon Case C of Fig. 6, it was pointed out that the classical 
QRS pattern of right ventricular hypertrophy appeared in V,;, but not in V2 
or V3. The diagnosis might have been missed in this case if V; had not been 
obtained, although the similarity of the RS complex in V» through V¢ should 
prompt one to obtain leads from precordial points farther to the right and left. 
In some cases of right ventricular hypertrophy the diagnostic right ventricular 
QRS pattern may not appear in either V; or V2. Goldberger” has advocated an 
additional lead taken from the right upper abdomen with the exploring electrode 
at the point where the right midclavicular line intersects the lower costal margin. 
We have not made use of this lead because of the possibility that the potential 
variations of the posterior inferior surface of the left ventricle might be trans- 
mitted through the diaphragm to this region. Wilson and associates have 
utilized Lead Vg in the’diagnosis of right ventricular lesions. We have obtained 
more help from Lead V3p, in which the exploring electrode is placed on the right 
chest at a point corresponding to the C; position on the left. 

The value of Lead V3z in the diagnosis of right ventricular hypertrophy is 
exemplied by Fig. 7. The relatively small R and deep S in V4 of Cases A and B 
aroused the suspicion of right ventricular hypertrophy, but were insufficient for 
a diagnosis. The pattern in V; and V2 of Case A was suggestive but not diag- 
nostic of right ventricular hypertrophy, whereas that in corresponding leads of 
Case B was within normal limits. In Case C there was nothing in either the 
standard leads or in precordial Leads V,; through V, to arouse the suspicion of 
right ventricular hypertrophy. However, a diagnosis of right ventricular hyper- 
trophy could readily be made from the QRS-T pattern in Lead V3z of all three 
cases.* The most important feature of Lead V3, is the prominent R wave, 
which is abnormal in amplitude and duration both in comparison with the S wave 
of the same lead and with the R wave in leads farther to the left. : The sharply 
inverted T waves associated with the abnormal R in Lead Vg offered further 
support to the diagnosis. In one patient (Case A of Fig. 7) there were typical 
physical signs of mitral stenosis, whereas in the patient in Case B there was 
clinical and roentgen evidence of right ventricular hypertrophy due to chronic 
pulmonary fibrosis. The patient in Case C came to autopsy, and right ventric- 
ular hypertrophy due to chronic pulmonary fibrosis and obstructive emphysema 


*Since cases are encountered sufficiently often where an additional exploring lead on the right 
chest is desirable, we are now taking Lead V3, along with Lead V; through V¢ as a routine. 
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was demonstrated. It is entered in Table I] as Case 17. Passing mention might 
be made of the broad, notched P waves in Leads I and II of Case A. These are 
consistent with the pattern of ‘“P mitrale’’ and are presumably the result of an 
auricular lesion secondary to the mitral stenosis. The tall, sharply pointed P 
waves in Leads II, III, and aVg of Case B are consistent with the so-called ‘‘P 
pulmonale,” but are probably the result of low diaphragms. 

In the interpretation of multiple precordial leads, due consideration must be 
given to the location of the transitional zone between the two ventricles and 
to the possibility that unusual RS relationships may be the result of alteration 
in cardiac position with shift in the precordial reference points of the potential 
variations of the two ventricles. This is illustrated by the cases in Figs 8 and 9. 


Ve OV, Ve 


Fig. 8.—Displacement of transitional zone to the right. 


aV, 


Va 


Fig. 9.—Displacement of transitional zone to the left. 


A study of Leads V,; and V, of both cases in Fig. 8 reveals that the R wave 
is relatively tall in comparison with the S. The peak of the R wave is attained 
slightly later than is customary in these leads under normal conditions. If 
exclusive consideration were given to these points without due regard to the 
findings in other precordial leads, an erroneous diagnosis of right ventricular 
hypertrophy might be made. The fact that the RS-T segments in Leads V, 
and V, are normal in contour and that the T waves are upright is, in itself, a strong 
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TABLE II. ANALYSIS OF ELECTROCARDIOGRAMS FROM Patients 


LEAD FROM RIGHT PRECORDIUM 


AMPLITUDE (MM) 


Q |; R R’ 
6. ] 
2. 
l. l. 
2. 3. 
1.5 8. 
10. 2.5 
0.5 4. 
8. 6. 
0.5 3.5 2. 
3. 3. 
7. 
9. 
2 8. 
l 3. 
3.5 2 
1.5 l. 2.5 
3.5 | 18 
ll. 
3.5 6.5 
1.5 | 14. 
5. 


ll. 

0.5 4. 
ll. 2 

10. 7.5 

33. ll. 

3. 3. 
1.5 1.5) 6. 
0.5] 3. 4. 
3. 7. 

16. 5. 

0.5 14. 
20 4. 

0.5 9. 

§.5 |B. 

l. 12. 

a 5. 

6. 

1. §. 

3. 10. 3. 


*Measurement in V:-—Remainder in Vi. 


TIME (SEC.) FROM 
ONSET OF QRS TO | 


RATIO R| peak | INT. | END 
S| Q DEF. | QRS 
0.16 | .010 | .030 | .065 
.027 | .047. .081 

.020 | .050 | .065 

.012 | .043  ~.079 

.027 | .057 | .083 

0.25 .027 | .088 
0.5 .008 | .0385 | .078 
0.75 .020 | .076 

0.57 | .010 | .024 | .061 
| 013 | .033 | .067 

.029 | .076 | 

.045 | .097 | 

4 .018 | .064 | .080 | 
025 | .046 75 

1.7 .050 | .062 
2.5 | .020/ .088 | .079 
.014 072 

11. 008 | .064 
2.6 .015 | .082 
9.3 .017 | .069 
036 055 

.073 | .093 

0.5 .058 | .098 
0.18 .061 | .098 
0.75 .043 095 
0.33 .053 | .112 
: .060 | .098* 
).25 .048 | .089 
7 .060 | .085 
3 055 | .091 
0.31 080.173 
0.14 O85 128 
0.20 076 | .138 
18. .006 | .062 
4.1 .016 O80 
12. | .094 
5 008 | .050 
013 | .079 
5. .010 072 
020 | .080 


C.P.—Cor pulmonale 
M.S.—Mitral stenosis 
T.F.—Tetralogy of Fallot 


RS-T 


A.A.—Arteriovenous aneurysm 


| SEG.) AMP, 
(MM. ) 
X 
—.5 
+.5 
X l 
X —.§ 
V +] 
X 
+1 
—2 
X +.5 
| § —4 
| —] 
—2 
S 
|V 43 
V +] 
V +1 
+.5 
| 
X 
| —].5 
X aj 
X 
X | -—2, +2 
X —.§ 
X 
X +1 
Vi} 41.5 
X |—10. 
V | 
X —.5 
V +2 
V +5 
X | 
X +1 
X —2 


18 
— 
| 
JUNC. 
(MM.) 
A 5 45 C. P. 284 0 
A 6 67 C. P. 700 0 
| A 7 58 C. P. 382 0 
| A 8 63 C. P. 452 0 
A 9 45 M.S. 400 0 
A 10 64 C. P. 405 —l. 
A ll 52 C. P. 460 —2.5 
A 12 47 M.S. 550 ok: 
A 13 56 431 0 
A 14 52 M. S. 439 0 
A 15 25 M. S. 604 0 
A 16 22 M. S. —3. 
A 43 25 M.S. 440 0 
B | 17 50 C. P. 366 0 
B | 18 51 | C.P. 456 0 
C 19 47 eA 584 +1. 
C 20 42 M. S. 640 +1. 
C 21 48 C. P. 420 +.5 
Cc 22 15 M.S. 592 +.5 
Cc 23 74 C. P. 305 0 
C 44 37 C. P. 490 0 
D 24 50 486 —}. 
D 25 55 C. P. 515 —1. 
D 26 37 M. S. 487 —4 
D 27 17 C. P. 559 0 
D 28 23 ; eS 460 0 
D 29 58 M.S. 550 0 
D 30 38 M.S. 418 +.5 
D 31 44 M.S. 601 +1. 
D 32 55 be 376 0 
E 33 38 A. A, 575 3. 
E 34 51 C. P. 387 0 
E 35 46 a 440 0 
F 36 82 ©. P. 323 0 
F 37 18 M. S. 324 +1, 
F 38 55 400 
F 39 59 C. P. 416 0 
40 65 P. 470 at. 
F 41 74 uF 613 +.5 
F 42 52 460 0 
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RicHT VENTRICULAR HYPERTROPHY PROVED AT AUTOPSY 


LEAD FROM LEFT PRECORDIUM 
TIME (SEC.) FROM 
AMPLITUDE (MM.) ONSET OF QRS TO | RS-T T 
| 
| | | |+- 
| R S |RATIOR| pEAK| INT. | END | JUNC.|SEG.| AMP. | Q 
| S| @ | DEF. | QRs | (MM.) | (MM.) 
ar 0.85 015 | .068| O | V | +4. 2. 
| 21. 4. 0.19 031 | .081| O | Vj 44. 1. 
| 45) 4.5 | 008 | O | 441. 2. 
| 2.5] 6. 2.4 | 019 | .081| O | V | 41.5] 3. 
| 6. | 1. 0.15 030 | .087| -.5|X| -2 
9. 6. 0.66 | .018 | .077| O | V +1 4. 
0.5) 3. | 14. 4.6 | .005| .026| 0799; 0 | V| +4. 
15| 7. | 4. 5.7 | 010 | .085| .073| O | V| 42.5] 0.5 
1.5 3. 2. | 013 | .078 | +1. xX +1 1. 
| 8, 027 | .068| -1.;S | -2 3. 
| 4. | 10. 2.5 | 021 | O | V 42.5] 3. 
| 8. 5. 0.62 | 026 | .095 | +.5)°X | 41 
7. | 10. 1.4 .020 | .080/ O | V{ 41.5] 5. 
1. | 9. 015 | .040 | 0 |S | - 3. 
4. | 8. | 0 | +2 2. 
5. | 6 | 12] o | s | 41. 
0.5) 9. is. | 008 | .077| V +.5| 0.5 
0.66 | 018 | 0 | +.5] 2 
2. 11. 5.5 | O17 | —1. 0.5 
1.5] 2. 5. 2.5 | .019 | .084| .073 +1. 41.5 
| 3. | 10. 3.3 | .015 | .060| 0 |S 
0.5/ 8.5| 3. | 0.35) 013} .034| 091! | 441. 
9. 7. 0.77 | 021 | | +2. V | 41.5] 6. 
0.5] 8. | 13. 1.6 | .007 | .030| -2.| V | -2. 4. 
4. | 6. 1.5 | .103/ O | V] +42. 2. 
ll. | 22. 2. "033 | | 41. +3. 
5. 2. 0.4 | | 020] .080; O |} V/ +1. | 3. 
1. 9 | 2 | 008 | .084 | -1. | V +.5| 4. 
0.5/ 7. | 5. | 0.71 | .010 | 035 | .085 | 0 +.51 3. 
ll. | 6. | 0.54] | -032 | .180 | +3 1.5 
2. 7. 3.5 018 | .128 | +1. | Vj} +2 1. 
| 6 2. 0.33 | | 029 | 120) +1./S | +2. | 
| 16. .030 | .067 | -—.5) V | 42. 1. 
3. 2. 0.66 .030 | O | 42. 9. 
7 3. 0.42 | .013 | .074 siz —1.5] 4.5 
| 8. 4. 0.5 | O |X| -1. 4. 
4. 025 | .061 +.5 
9. 2. 0.22 .023 | .061| -2.;/S | -2. 
1. | 21. 1. 0.04 | .010 | .041 | .085| O | 44. | 13. 


RS-T Segment 
X-—Convex 
S—Straight 
V—Concave 


LEAD 


AMPLITUDE (MM) 


or 


DUR. 
QRS 
R S R’ 
6. 
4. O85 
4. .062 
3. 080 
3.5 .067 
5. 056 | 
| 3.5 | 060 | 
064 
5. 078 
| 3. .080 
.050 
4 .061 
.056 
5.5 .072 
.067 
2.5 064 
3. l >| .079 
6 .051 
0.5} 5| 3 | .093 
6 081 
4. 
4. 096 
5 .080 
| .O81 | 
| .083 | 
3 | .078 
3.5 Buk 
4. | 122 
l. .075 
2. 063 
4. .075 
4. .053 
0.5 § 1 | .061 
4 .058 
2. O80 
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AMP. 
(MM.) 


to 


on 


or 


T 
iP. JUNC. | 
(MM.) 
0 | aff, 
5 0 _ 
5 0 
0 
5 
0 
4 
0 —1.5 
0 | | 
2 +1.) +1. 
0 | —2. 
4 | 
I 0 | -3.5 
0 | 41.5 
+1.] 
‘ 0 
0 —.5 
+1. —1. 
0 —.5 
0 |} —2. 
0 —.5 
_ 
0 | 
+1. 
0 
2 
+ 5 =, 
0 —1.4 
+2. +1.5 
0 +5 
0 | —1.5 
0 —2. 
0 inf. 
+.5 +.5, 
+1. 41.5 
0 +.5, —.5 
+1. +2. 
—3. 
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point against the presence of right ventricular hypertrophy. More important, 
however, is the observation that the contour of the QRS in V; and V+: of each case 
is much like that in V3, V4, Vs, and V¢«. The S wave gradually diminishes 
as the electrode is moved from Position V; to V; and disappears at Position V , 
of both cases. The general resemblance of the tracings in Leads V; and V; 
to those from points farther to the left would suggest that the potential variations 
of the epicardial surface of the left ventricle are playing the dominant role in 
the recordings from Positions V; and Vz as well as in those from Positions V3; 
through V,. This may occur with forward displacement of the apex, bringing the 
left ventricle into closer approximation with the anterior chest wall. Further 
indirect evidence is afforded by the contour of the P wave in Leads V, and V2 
when sinus rhythm is present. The upright P wave with gradually sloping 
limbs in Leads V,; and V-. of Case B represents the typical contour obtained when 
the exploring electrode is over the ventricle and at a distance from the right 
atrium. In order to insure adequate coverage of the right ventricle in the 
multiple precordial leads, it is desirable to have at least one lead to the right of 
the tricuspid valve. This lead should show either a diphasic P wave containing 
a sharp intrinsicoid downstroke, indicating that the electrode is over the right 
atrium, or an inverted P wave, indicating that the electrode is beyond the right 
border of the heart. In such a lead, and in at least the adjacent lead to the left, 
the initial upstroke of the QRS should represent a positive potential coming from 
the right ventricle. Lead V3, was obtained in Case B and was entirely normal 
for leads over the right ventricle, displaying a diphasic P, a minute R, and deep S. 
Thus, the tracing at V, in this case represents an intermediate complex, the poten- 
tial variations of the right ventricle being referred to the right of the sternum, 
and those of the left ventricle, to the entire precordium. The patient in Case A 
of Fig. 8 died before additional leads could be obtained. Autopsy revealed a 
normal heart, thereby excluding right ventricular hypertrophy as a cause of the 
pattern in V, and V, and lending support to the supposition that the transitional 
zone was displaced to the right of the sternum. 

Fig. 9 is a reproduction of an electrocardiogram obtained in a woman who 
had no physical or roentgen evidence of a cardiac lesion. If attention is centered 
on Leads V; and V¢, a small R, a relatively deep S, and an upright T wave will 
be found similar to the pattern obtained in these leads in cases of right ventricular 
hypertrophy. However, there was no supportive evidence in Leads Vi, Vs, 
or in supplementary Leads Vg and V3z. The situation is clarified by an examina- 
tion of Leads V; and Vs, which show a normal left ventricular pattern ordinarily 
found in Leads V; and V.. The heart had apparently been rotated so that the 
apex was displaced backward, the potential variations from the right auricle and 
ventricle dominating the records obtained from the customary points explored 
on the anterior chest wall. The transitional zone in this case had been displaced 
far to the left and posteriorly, the potential variations of the right ventricle 
having the dominant influence on the recordings in V; and V¢ and those of the 
left ventricle being reflected in V; and Vs. The cases illustrated in Figs. 8 and 9 
emphasize the necessity of considering the overall pattern in the interpretation 
of the precordial leads. 
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The precordial leads of Cases 24, 25, and 26 depicted in Fig. 10 resemble those 
of Fig. 6 insofar as the relative amplitude of R and S and the direction of the 
T waves are concerned. A close inspection of the QRS of Lead V;, of the first 
three cases in Fig. 10 reveals a small initial upright deflection, quickly giving way 
to a downward movement, which reaches the isoelectric line in Case 24 and crosses 


Fig. 10.—Autopsy proved cases of right ventricular hypertrophy exhibiting defective 
conduction in right ventricle. 


it in Cases 25 and 26. This is followed by a very tall R’ wave, the peak of which 
apparently marks the arrival of the impulse at the epicardial surface of the anterior 
wall of the right ventricle, as judged by the precipitous downstroke, representing 
the intrinsicoid deflection. The time interval from the onset of the QRS to the 
peak of the R’ wave ranges from 0.058 to 0.073 second, averaging 0.064 second. 


3 Ve Vs Ve Ve Ve Wy 
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The contour resembles right bundle branch block in the double peaking of the R 
wave of V, and in the relatively broad S wave of V¢. Since the total duration 
of the QRS is 0.10 second or less in each case, the conduction defect consists in an 
incomplete rather than a complete right bundle branch block. The initial upward 
deflection in V, is presumably derived from septal activation by impulses passing 
from left to right, and the R’ wave from activation of the outer wall of the right 
ventricle. The late completion of right ventricular activation, indicated by the 
late origin of the intrinsicoid deflection in V,, is further confirmed by the absence 
of an S in V; in Cases 24 and 26 and by the rudimentary S wave in Case 25. 


The patients in Cases 24, 25, and 26 came to autopsy and the presence of 
preponderant hypertrophy of the right ventricle was established in each. Apart 
from the right ventricular hypertrophy, no significant myocardial lesion was 
discovered; therefore, the pattern of incomplete right bundle branch block was 
attributed to the right ventricular hypertrophy. An incomplete right bundle 
branch block, however, is not pathognomonic of right ventricular hypertrophy, 
since it may appear as a transient phenomenon in acute right ventricular dilata- 
tion due to pulmonary embolism, in acute myocardial infarction or ischemia, 
and occasionally in other conditions. The general resemblance of the V,; pattern 
of the first three cases in Fig. 10 is noteworthy. Post-mortem examination in 
one patient (Case 24) showed a typical tetralogy of Fallot. The patient in this 
case was a 55-year-old woman, who showed no clubbing and had cyanosis only 
as a terminal event associated with right heart failure. Post-mortem examina- 
tion in one patient (Case 25) showed chronic cor pulmonale due to obstructive 
emphysema, and autopsy in the patient in Case 26 revealed a marked mitral 
stenosis. Thus, the electrocardiographic pattern of incomplete right bundle 
branch block, associated with right ventricular hypertrophy, is more or less stereo- 
typed, irrespective of the cause of the right ventricular hypertrophy. 

Cases 42 and 43 are included in Fig. 10 for contrast purposes. Case 42 
deserves special comment because of the presence of an RSR’ complex in V 3p 
and V,, but notin Ve. The initial R and S waves were constant, measuring 3 mm. 
and 10 mm., respectively; but the R’ deflection ranged from 0 to 3 mm., the varia- 
tions apparently being associated with the respiratory cycle. Since the stand- 
ardization curve showed no overshooting, the R’ could not be considered an arte- 
fact. The R’ deflection in V3gp and V,; was synchronous with the R component 
of a QR complex in Lead aVR, as indicated by simultaneous attainment of the 
peak 0.068 second after the onset of the QRS. In the interpretation of this 
electrocardiogram prior to death, the late R wave in aVx was attributed to activa- 
tion of the posterobasal aspect of the left ventricle and the synchronous R’ 
deflections in V3p and V, were thought to be of similar origin. In view of the 
demonstration of right ventricular hypertrophy at autopsy, it is possible, though 
unlikely, that the late upright deflections in aVp, V3p, and V; were of right rather 
than of left ventricular origin and that incomplete right bundle branch block was 
present. The source of the small late R wave, which is occasionally found in V3p 
and V, after a large downward deflection, needs further elucidation and will be 
the subject of a future report. A case of a patient having left ventricular hyper- 
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trophy was recently encountered with a small late R wave in aVp, V3p, but -not 
in V, or Vz, or in leads over the conus pulmonalis. This late R appeared to be 
synchronous with the terminal upright deflection in esophageal leads at the auric- 
ular level and was recorded in diminishing magnitude along a pathway extending 
from the midline of the back across the right scapula to the right arm and along 
a pathway running up the back over the edge of the trapezius and down the 
anterior chest wall to the V3z position. 

The electrocardiogram of Case 43 resembles those of Cases 24, 25, and 26, 
in the presence of a tall slurred or notched R wave with little or nc S in Lead 
V, and in the presence of a prominent slurred S wave in Lead V¢. However, 
Case 43 differs significantly from Cases 24, 25, and 26 in the direction of the initial 
deflection of the QRS in leads from the right side of the precordium. The 
initial deflection in Leads V3p, Vi, V2, and V3; of Case 43 is a Q wave, whereas 
that in Cases 24, 25, and 26 is a small but definite R wave. The Q wave regis- 
tered in all leads over the right ventricle of Case 43 reflects an initial negativity 
of the right ventricular cavity and delayed onset of activation of the outer wall 
of the right ventricle. The initial negativity of the right ventricular cavity 
excludes right bundle branch block in this case. The notching or slurring of the 
R wave in Vsp, Vi, Vz, and V3; is probably due to a defect in conduction through 
the hypertrophied outer wall of the right ventricle. The electrocardiographic 
diagnosis of marked right ventricular hypertrophy in this case was confirmed at 
autopsy and was secondary to advanced mitral stenosis. 


CRITERIA FOR THE DIAGNOSIS OF RIGHT VENTRICULAR HYPERTROPHY 
FROM THE ‘‘UNIPOLAR’’ LIMB LEADS 


The construction of the central terminal enabled Wilson and associates to 
introduce a new type of limb lead, in which the positive terminal* of the galvan- 
ometer was connected to one extremity through the exploring electrode and the 
negative terminal was connected with all three limbs through the central terminal. 
Three such leads were taken and labeled in accordance with the point of applica- 
tion of the exploring electrode: Vp when the latter was applied to the right 
arm; V,, to the left arm; and Vx, to the left leg. Since the potential variations 
of the central terminal are generally close to zero and at the most probably do not 
exceed 0.3 mv., a tracing so obtained will represent largely, but not quite ex- 
clusively, the potential variations of the extremity to which the exploring electrode 
is attached. Hence, limb leads of this type may be regarded as essentially 
unipolar, in contradistinction to the standard leads which are bipolar in that the 
potential variations of the two extremities connected to the galvanometer have 
an approximately equal, but opposite, effect upon the resultant tracing. 

Wilson and associates” noted that the pattern in a given unipolar limb lead 
was similar to that obtained when the exploring electrode was applied to the trunk 
at the point of attachment of the respective extremity and often, but not in- 
variably, resembled the pattern obtained in some precordial lead. Wolferth and 


*By positive terminal is meant the galvanometric connection which will yield an upright deflection 
in the electrocardiogram when the potential of the exploring electrode is relatively positive. 
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associates®-** further investigated transmission of potential variations from 
precordium to extremities by means of successive records taken as the electrode 
was moved gradually from an extremity to the precordium and succeeded in 
demonstrating a pathway along which the QRS-T maintained a fairly constant 
shape, merely decreasing in voltage with increasing distance from the heart. 
The pathway leading into the left arm most commonly came from the C position, 
but sometimes from points higher and more medial. The pathway into the right 
arm most commonly originated from the C,; position. The pattern obtained 
with the exploring electrode on the left leg resembled very closely that registered 
from any point on the front or back of the trunk below the level of the umbilicus, 
as well as that obtained when the exploring electrode was placed in the stomach, 
duodenum, or intestine. This common pattern represented a transmission of 
potential variations referred from the inferior surface of the heart to the diaphragm 
and thence to all parts of the body below. Thus, the potential variations of a 
given extremity are dominated by those of the epicardial surface which faces 
toward that extremity. This, in turn, is dependent upon the position of the heart 
in the chest. 

A drawback to the Wilson method of recording extremity potentials is the 
relatively small amplitude of the deflection in some cases. Wilson has overcome 
this by increasing the sensitivity of the galvanometer, a procedure which is not 
practical for routine adoption. Goldberger“ has introduced a simple modifica- 
tion, which consists essentially in the removal of the connection of the central 
terminal from the limb to which the exploring electrode is applied. For example, 
in registering the potential variations of the right arm, the exploring electrode is 
applied to the right arm and the indifferent electrode to the left arm and left 
leg. The tracings obtained by the Goldberger procedure are identical in contour 
with those obtained by the Wilson technique, provided good electrical contact is 
maintained with each limb,'’** but are 50 per cent greater in voltage. The 
Goldberger limb leads are thus equivalent to the Wilson limb leads taken with the 
galvanometer at 1.5 times normal sensitivity. For this reason, Goldberger 
has referred to his leads as the augmented unipolar limb leads, aVg, aV,, and aVfr. 


The potential variations of Lead aVg are dominated by those of the surface 
of the heart which faces toward the right arm. With the heart in its usual oblique 
position, the surface which is directed toward the right arm is made up of the 
atria and great vessels and includes little or none of the epicardial aspect of either 
ventricle. The portion of the ventricles which faces toward the right arm consists 
largely, if not exclusively, of valvular orifices, cavities, and endocardium. This 
is illustrated diagrammatically in Fig. 11,@ by a lateral view, depicting the surface 
of the heart visible if one were able to look through the shoulder joint toward 
the heart after removal of intervening structures and atria. Often the heart is 
rotated sufficiently on its transverse and anteroposterior axis so that the portion 
directed toward the right arm includes a small segment of the epicardial surface 
of the posterobasal aspect of the left ventricle, as in Fig. 11,6, or a small segment 
of the lateral or posterior wall of the right ventricle, as in Fig. 11,c. 
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With the heart in its customary oblique position, the major defiection of 
ventricular origin in Lead aVx will be derived from the potential variations of the 
endocardial surface and cavities of the two ventricles and will thus consist of a 
downward ORS and inverted T wave. Goldberger®****!:495° has devoted con- 
siderable attention to the contour of the QRS in Lead aV x and has noted that the 
usual pattern, consisting of a downward major deflection, has four variants, 
namely: (1) a monophasic QS complex, (2) a minute R followed by a deep S, 
(3) a deep Q followed by a late R, and (4) a small R and R’ separated by a deep S. 

The QS complex of Lead aVx is similar to that obtained by inserting an elec- 
trode directly into the left ventricular cavity of dogs.*! A QS complex is probably 
obtained in Lead aVpz of man when the heart is so placed that the portion facing 
toward the right arm consists almost exclusively of the atria and valvular orifices, 
as illustrated in Fig. 11,a. 

The RS complex of Lead aV x is similar to that obtained by inserting an elec- 
trode directly into the right ventricular cavity of dogs or human subjects.* 
The minute initial R wave in aVpg may be due either to earlier onset of activation 
of the left side of the septum® or to greater magnitude of electrical forces developed 
in the left than in the right side of the septum. Either of these alternatives 
might lead to a momentary positive potential in the right ventricular cavity and 
thus account for the intial upward deflection in aVg. Another possible explana- 
tion for this small initial R wave might be rotation of the heart so that a portion 
of the epicardial surface of the right ventricle faces toward the right arm, as 
illustrated in Fig. 11,c, and transmits its initially small positive potentials thereto. 

The origin of the QR complex, which occurs as a normal variant in Lead 
aVg, is illustrated in Figs. 11,5 and 12. The heart of the patient shown in Fig. 
11,5 was proven normal at autopsy, whereas that of the patient shown in Fig. 12 
was judged normal by physical and roentgen examination. Turning to Fig. 12, 
the close correspondence of the QR relationships in the esophageal lead at the 
auricular level to those in Lead aVg would suggest that the potential variations 
of the surface of the heart adjacent to the esophagus are transmitted to the right 
arm. This is borne out by the demonstration of a similar QR complex in leads 
across the right scapula (that is, at Points M, N, and O) and by the absence of an 
appreciable R wave in records from the anterior aspeci of the right chest, as 
illustrated by the tracings at Points J and K over the third rib. The late R 
wave recorded in esophageal leads opposite the left auricle is probably derived 
from the adjoining posterobasal surface of the left ventricle, which is the last 
portion of the heart to become activated. Rotation of the heart, as illustrated 
in Figs. 11, and 12, brings the posterobasal aspect of the left ventricle into a 
position facilitating transmission of its potential variations through the back to 
the right arm, accounting for the QR pattern. 

The RSR’ complex found in Lead aVx, represents a combination of the second 
and third patterns discussed. 

In right ventricular hypertrophy the heart is often, but by no means always, 
rotated so that a portion of the outer wall of the right ventricle faces toward the 
right arm, as illustrated in Fig. 13. The close resemblance of the QRS in Lead 
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aV x to that in V, of this case suggests that activation of the outer wall of the right 
ventricle is largely responsible for the R wave in Lead aVk, as well as that in V3. 
A comparable finding in Lead aVx was obtained in Case A of Fig. 6, the QRS of 
this lead corresponding closely to that of V;. 


Fig. 12.—Origin of the normal late R wave of Lead aVr. 


The pattern of right ventricular hypertrophy, as registered in Lead aVpz, 
thus consists of a Q wave larger than that customarily found in Lead V, but small 
in proportion to the succeeding R, characteristically amounting to less than 25 
per cent, but in borderline cases ranging from 25 to 50 per cent, of the associated 
R wave. Lead aVk is often equivocal or normal when classical signs of right 
ventricular hypertrophy are demonstrable in Lead V;, as exemplified by Cases B 
and C of Fig. 6. On the other hand, Lead aV, may exhibit an unusually prom- 
inent and definitely abnormal R wave when normal findings afe present in V; 
and V.. This is illustrated by Case 20 in Fig. 14. This case had signs suggestive 
of right ventricular hypertrophy in V; and V4, but notin V,; or Vs. The unusually 
prominent R wave in Lead aVpg, coupled with the findings in V¢, led to the elec- 
trocardiographic diagnosis of right ventricular hypertrophy, which was sub- 
sequently confirmed at autopsy. 

If a prominent R wave in Lead aVpz could be accepted as prima facie evidence 
of the presence of right ventricular hypertrophy it would make a very helpful 
criterion. Unfortunately, this is not the case. Goldberger, who has made ex- 
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tensive studies of the pattern in Lead aVkg, has not stressed the findings in right 
ventricular hypertrophy, possibly because of his realization that a prominent 
R wave may appear in this lead from at least two other causes, namely, (1) 
rotation of a normal or abnormal heart on a transverse axis, so as to carry the 
apex backward, and (2) in the presence of extensive myocardial damage. 


Goldberger & Wilson leads in right ventricular hypertrophy 


Fig. 13.—Goldberger and Wilson leads in right ventricular hypertrophy. 

Rotation of the heart on a transverse axis, so as to carry the apex backward 
and to the left, will bring the posterobasal aspect of the left ventricle and auricle 
forward and to the right, as illustrated in Figs. 11,6 and 12, and discussed previ- 
ously. Under these circumstances the contour of the QR in Lead aVx tends 
to resemble that in an esophageal lead. The Q wave in esophageal leads is fol- 
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lowed by a relatively small R if the electrode is above the mitral valve, and by a 
relatively large R if below the valve opposite the left ventricle. Similarly, the 
Q wave of aVz may be followed by a small R if a relatively small segment of the 
posterobasal aspect of the left ventricle faces toward the right arm, and may be 
followed by a large R if a considerable portion is directed toward the right arm. 
This is the probable explanation for the findings in Lead aV x in the cases illus- 


Fig. 14.—Right ventricular hypertrophy confirmed at autopsy. 


trated in Fig. 4; both of these patients had normal hearts at autopsy. The 
variability of these findings is illustrated by Fig. 15, which reproduces two sets 
of tracings obtained on the same patient on different days. It will be noted that 
in the first tracing Lead aVp is represented by a monophasic downward QS 
complex and in the second tracing by a small Q and a relatively tall R with late 
peak. The precordial electrocardiogram showed definite signs of left ventricular 
hypertrophy, which was confirmed subsequently at autopsy. The right ventricle 
was essentially negative and thus the prominent R wave in Lead aVR of the second 
tracing was presumably derived from the posterobasal surface of the left ventricle, 
as a result of shift in cardiac position. It is noteworthy that in none of the 
three cases were there signs in the precordial leads suggestive of right ventricular 
hypertrophy. Thus, a diagnosis of right ventricular hypertrophy cannot be 
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based upon findings in Lead aV x alone, in the absence of supportive findings in 
the precordial leads. 

Goldberger and Schwartz found that when both the initial and main de- 
flections in Lead aVp were represented by an upstroke, extensive myocardial 
damage was invariably present. We have noted such a pattern in Lead aVp, 
particularly in cases with extensive anterolateral myocardial infarction. Under 
these circumstances, the pattern in Lead aVpg may be a reciprocal of that in V5, 
V«, or aV,, as illustrated by Case A of Fig. 16. The diagnosis of extensive infarc- 
tion of the anterior lateral and posterior walls of the left apex was readily made 
from the precordial leads and Lead aV,,°‘ and was subsequently confirmed at 
autopsy. The presence of a large anterolateral myocardial infarction may 
likewise be detected from an inspection of the precordial leads of Case B of Fig. 16 
and was subsequently confirmed at autopsy performed on this patient. The 
OR complex in Lead aV x of this case resembles more that obtained in esophageal 
leads from the posterobasal aspect of the left ventricle and may be due to reference 
of potential variations from this region to the right arm rather than to the infarct 
itself. A pattern characterized by an R wave as the initial and main deflection 
in Lead aVp cannot be accepted as pathognomonic of extensive myocardial dam- 
age, since this pattern was present in Case 19 of Fig. 14, where subsequent 
autopsy revealed preponderant hypertrophy of the right ventricle, but no other 
myocardial lesion. 


ELECTROCARDIOGRAPHIC FINDINGS IN PATIENTS WITH AUTOPSY DIAGNOSIS 
OF PREPONDERANT HYPERTROPHY OF THE RIGHT VENTRICLE 


An analysis has been made of all patients in whom the six Wilson precordial 
leads were taken during life and a diagnosis of preponderant hypertrophy of the 
right ventricle established at autopsy. The series comprised a total of forty 
cases. Lead aVp was available in thirty-five of the cases and Lead V3 x in eight. 
In thirty-six of the patients, post-mortem study included injection of the heart 
with radiopaque mass, subsequent roentgenogram, and dissection, as previously 
described.‘4 The heart was sectioned by the method of Schlesinger® in eighteen 
of the patients and by the method of Stofer and Hiratzka® in an equal number. 
The causes of the right ventricular hypertrophy were as follows: cor pulmonale, 
twenty-four patients; mitral stenosis, thirteen patients, including one with acute 
right ventricular infarction and one with a stab wound of the right ventricle; 
tetralogy of Fallot, two patients; and arteriovenous aneurysm, one patient. 
Hearts with right ventricular hypertrophy, which was secondary to a preponderant 
hypertrophy of the left ventricle due to such agents as hypertension, were ex- 
cluded from the series. 

The amplitude of the Q, R, S, and R’ deflections in V3p, V1, Vs, Vs, Ve, 
and aVx and the time interval from onset of ORS to (1) nadir of Q, (2) peak of R, 
(3) nadir of S, (4) peak of R’, and (5) end of QRS were measured as previously 
described.‘* The results are summarized in Table II. To conserve space, meas- 
urements are recorded in three leads, a representative lead from the right pre- 
cordium (generally V;, occasionally V3p or V2), a lead from the left precordium 
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(generally V4, occasionally V;), and Lead aVg. The amplitude of each deflec- 
tion of the QRS is given in the table, but only the time intervals from onset of 
QRS to (1) nadir of Q, (2) beginning of intrinsicoid deflection (corresponds to 
peak of R if a single upright component is present or peak of R’ if there are two 
upright deflections), and (3) end of QRS are included. Notation is also made 
of the position of the RS-T junction, contour of the RS-T segment, and direction 
and amplitude of the T wave. . 

The tabulated cases are classified according to electrocardiographic pattern 
into the following six groups: (A) Pattern diagnostic of right ventricular hyper- 
trophy in jeads from the right precordium (V, or V2), thirteen cases; (B) diag- 
nostic patterns in V3pr, but not in V,; or V2, two cases; (C) pattern presumptive 
of right ventricular hypertrophy in V, and aVpg without confirmatory signs in 
V, and V2, six cases; (D) incomplete right bundle branch block, nine cases; 
(E) complete right bundle branch block, three cases; and (F) precordial leads and 
aVpz not diagnostic of right ventricular hypertrophy, seven cases. 

Thirteen cases were classified in Group A because of a pattern in Leads V, 
through V, inclusive, which was considered diagnostic of right ventricular hyper- 
trophy on the basis of the following criteria: (1) Reversal in the ratio of the 
amplitudes of the R and S waves in V, and V.¢, characterized by an abnormally 
large R in proportion to the S in V,, a diminution in ratio in leads further to the 
left, and a prominent S in V¢. (2) A small Q wave preceded the R wave of V, 
or V2 in nine of the thirteen patients, indicating slight delay in onset of activa- 
tion of the outer wall of the right ventricle. (3) Time interval from beginning 
of QRS to onset of intrinsicoid deflection was abnormally long in V; and greater 
than in V; or V«. This interval varied from 0.02 to 0.06 second in Lead V, 
and thus usually exceeded, but occasionally overlapped, the normal range of 
0.005 to 0.023 second. The electrocardiograms of the two patients from Group A 
(Numbers 12 and 13), in which this measurement was between 0.02 and 0.025 
second, are reproduced in Fig. 14 to demonstrate that the precordial leads as a 
whole were diagnostic of right ventricular hypertrophy. (4) Total duration of 
ORS was less than 0.12 second and generally was within normal limits. (5) 
Notching or double peaking of the R wave of V; was absent except in one patient, 
Case 43 (Fig. 10), where bundle branch block could be excluded and a conduction 
defect in the outer wall postulated from the presence of a Q wave followed by a 
notched R in all leads over the right ventricle. Lead aVpz was obtained on ten 
of thirteen cases in Group A and displayed an abnormal R four times or more the 
amplitude of the Q wave in two cases and a borderline R two to four times the 
Q wave in three additional cases. Right axis deviation was present in the stand- 
ard leads of all thirteen patients and was accompanied by RS-T depression and 
T inversion in Leads II and III of seven of the patients. 


Two cases were classed in Group B because of a diagnostic pattern in Vsp, 
but not in V, or V2. In one of these, V3p showed definite evidence of incomplete 
right bundle branch block, whereas V; and V2 were equivocal. The electro- 
cardiogram of the other case (Number 17) is the lowermost of Fig. 7. Lead 
Vsx exhibited a small Q, prominent R with delayed peak, and no subsequent 
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S wave, whereas V;, V:, Vs, Ve, aVp, and the standard leads showed nothing 
to suggest the right ventricular hypertrophy which was found at autopsy. 

Six cases were classified in Group C because of presumptive evidence of right 
ventricular hypertrophy both in leads from the left axilla and in Lead aVp, 
but not in V,; or Ve. Lead Vp was obtained in one case (Number 23) and was 
also negative. In each of these patients the S wave was abnormally prominent 
in leads over the left ventricle and the R was abnormal in aVx in proportion to the 
downward deflection in this lead. The R wave constituted the only deflection 
in Lead aVx of one of the patients and was from four to ten times the amplitude 
of the downward component in the remainder. These features are exemplified 
by Cases 19 and 20, which are reproduced in Fig. 14. A study of Leads V, 
and V2 reveals no evidence of right ventricular hypertrophy in Case 20, but 
strongly suggestive, though inconclusive, signs in Case 19. Lead V3p would 
probably have shown definite signs of right ventricular hypertrophy, at least in 
Case 19. The standard leads showed right axis deviation in only twe of the 
six cases of Group C. An S wave constituted the chief deflection of each of the 
three standard leads of two cases. The other two patients had left axis deviation 
with an RS complex in all three leads, the R wave exceeding the S in Lead I, 
the S very deep in Leads II and ITI. 

Incomplete right bundle branch block was present in nine patients. Tie 
electrocardiograms of Cases 24, 25, and 26 are reproduced in Fig. 10 and have 
been discussed in detail. One patient (Case 30), who died of a stab wound 
through the anterior wall of the right ventricle which damaged the septum and 
who was found to have antecedent right ventricular hypertrophy from mitral 
stenosis, has been reported elsewhere.6? The relative amplitudes of the R and S 
deflections in the six precordial leads were comparable to those in the electro- 
cardiogram of uncomplicated right ventricular hypertrophy. These cases were 
differentiated from Group A by (1) notching of the ascending limb of the R wave 
or double peaking of the upright deflection and absence of Q wave in leads over 
the right ventricle, (2) a broader S wave in leads from the left side of the pre- 
cordium, and (3) a longer time interval from onset of QRS to beginning of the 
intrinsicoid deflection of V; or Ve. This ranged from 0.043 to 0.073 second 
and thus usually exceeded, but occasionally overlapped, corresponding measure- 
ments in uncomplicated right ventricular hypertrophy. Incomplete right bundle 
branch block was distinguished from complete by a QRS duration below 0.12 
second in the former (usually 0.09 to 0.11 second) and 0.12 second or above 
in the latter. As previously mentioned, incomplete right bundle branch block 
is not diagnostic of right ventricular hypertrophy since it may occur in acute cor 
pulmonale, myocardial infarction, and occasionally in other conditions. When 
due to any of the latter causes, incomplete right bundle branch block is generally 
transitory; when associated with right ventricular hypertrophy it is usually 
persistent. 

The well-known fact that complete right bundle branch block may be found 
in right ventricular hypertrophy is borne out by the three cases in Group E. 
The time interval from onset of QRS to beginning of the intrinsicoid deflection in 
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leads over the right ventricle exceeded 0.075 second and the total duration 
of the ORS amounted to 0.12 second or more. However, the finding of complete 
right bundle branch block does not permit a diagnosis of right ventricular hyper- 
trophy, since the majority of cases with this electrocardiographic pattern in our 
autopsy series showed primary and predominant left ventricular lesions. In 
many of the patients the right bundle branch block could be ascribed to infarction 
of the septum; in some it was thought to be secondary to left.ventricular failure. 
The electrocardiographic and pathologic features will be discussed in more detail 
in a separate communication. 

The seven cases classified in Group F represent failures in diagnosis of right 
ventricular hypertrophy from the electrocardiogram, despite the fact that Leads 
V, through V, and aVx, were available in all instances and Lead Vz in two cases. 
The total heart weight was within normal limits in two of the patients (323 
grams and 324 grams, respectively), but the presence of relative right ventricular 
hypertrophy, as indicated by a ventricular ratio of 1.2,5° was the reason for in- 
clusion of these patients. The heart weight in one patient (Case 38) was 400 
grams, but the ratio of 1.1 confirmed the presence of right ventricular hypertrophy. 
The failure of the electrocardiogram to reveal definite signs of right ventricular 
hypertrophy in this case may have been due toa complicating recent infarction of 
the subepicardial half of the lateral wall of the left ventricle which was demon- 
strated at autopsy. The electrocardiogram of one patient (Case 42), showing an 
inconstant R’ deflection in V3z and V,, has been reproduced in Fig. 10 and dis- 
cussed in an earlier section of thiscommunication. The total heart weight was be- 
tween 400 and 500 grams in two of the remaining electrocardiographic failures 
and was 613 grams in the last patient. These cases emphasize that a diagnosis 
of right ventricular hypertrophy cannot be excluded in the absence of signs in 
multiple precordial and unipolar limb leads. 


Within the group of cases of right ventricular hypertrophy, however, there 
did not appear to be any direct correlation between cardiac weight, ventricular 
ratio or thickness of the right ventricular wall, and the electrocardiographic 
pattern. The patient in Case 5 had deep roentgen therapy in 1941 because of 
a tumor of the right mediastinum. The original electrocardiogram and roentgen 
study of the heart were negative. During the next five years extensive post- 
radiation pulmonary fibrosis developed, accompanied by electrocardiographic 
signs of right ventricular hypertrophy, as illustrated in Fig. 17. Although the 
total heart weight was only 284 grams, there was definite evidence of right ven- 
tricular hypertrophy, as shown by the fact that the thickness of the right ven- 
tricular wall and weight of the right ventricular segment equalled that of the left. 
Thus, the electrocardiogram was diagnostic in this case, but not in the patient 
in Case 41, in whom the total heart weight and thickness of the right ventricular 
wall were twice as great. Although there was no direct correlation between QRS 
pattern and degree of right ventricular hypertrophy, it should be reiterated that 
the QRS pattern in thirty-three of the forty cases of patients having right ven- 
tricular hypertrophy differed specifically from the ORS pattern in patients with 
normal hearts at autopsy.*‘! 
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Two of the seven patients whose precordial and unipolar extremity leads 
failed to show signs of right ventricular hypertrophy had right axis deviation in the 
standard limb leads with depressed RS-T, and RS-T; and inverted T, and Ts. 
However, this pattern may occur in left ventricular hypertrophy and even in 
normal subjects when the heart is in vertical position, whereas the changes in the 
precordial leads displayed by Groups A and B are diagnostic of right ventricular 
hypertrophy. The confusion which may arise from the standard leads and the 
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Fig. 17.— Development of electrocardiographic signs of right ventricular hypertrophy. 


clarification afforded by the multiple precordial leads is illustrated in Fig. 18. 
The standard leads of the four cases were closely comparable and Lead III was 
almost identical. The differentiation of Cases A and B from Cases C and D 
would be difficult or impossible from the standard leads alone, but is easy from the 
multiple precordial Jeads. In Cases A and B, the R wave of Lead V,, though 
small in amplitude, is highly significant because of the late peak and absence of 
S which, together with the diminishing R/S ratio in leads further to the left and 
the deep S in V¢, permits a definite diagnosis of right ventricular hypertrophy. 
Chronic cor pulmonale was demonstrated at autopsy in two patients (Cases A 
and B, which are listed in Table II as Cases 7 and 8, respectively). The pattern 
in V,; and V., in Cases C and D contrasts sharply with that in Cases A and B 
and strongly suggests the presence of left ventricular hypertrophy. Isolated left 
ventricular hypertrophy of hypertensive origin was found at autopsy in two 
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patients (Cases C and D). In Case C autopsy also disclosed an organizing infarct 
confined to the subendocardial layer of the basilar half of the posteroseptal wall 
of the left ventricle: This infarct was completely missed in the ante-mortem 
interpretation, and was probably not responsible for the electrocardiographic 
pattern since tracings taken on a former admission, before the advent of the 
infarct, were similar to that in the illustration. This Case will be discussed in 
more detail in a subsequent paper on posterior infarction. 


SUMMARY 

1. The electrocardiographic criteria for the diagnosis of right ventricular 
hypertrophy have been evaluated and elaborated upon through a critical review 
of the literature and a study of our clinical and autopsy material. 

A detailed description is given of the findings in the standard limb leads, 
the Wilson precordial leads, and the Goldberger unipolar extremity leads. 

2. An analysis is presented of all of our cases of patients in whom Leads 
\, through V.¢, inclusive, and the standard limb leads were obtained during life 
and a diagnosis of preponderant hypertrophy of the right ventricle was established 
at autopsy. The series comprised a total of forty cases. The augmented uni- 
polar limb leads were available in thirty-five of the cases and Lead V3, in eight. 
The amplitude of each deflection of the QRS in Vgp, Vi, Ve, Vs, Ve and aVp 
was measured and the time interval from the onset of QRS to (1) the nadir of Q, 
(2) peak of R, (3) nadir of S, (4) peak of R’, and (5) end of QRS was determined 
in each of these leads with the aid of a Cambridge measuring device. In thirty- 
six of the patients post-mortem study included injection of the heart with a 
radiopaque mass, subsequent roentgenogram, and careful dissection. 

3. The forty cases of patients proven to have preponderant right ventricular 
hypertrophy at autopsy were classified according to electrocardiographic pattern 
into the following six groups: 

(A) Pattern in Leads V, through V ¢, inclusive, was considered diagnostic 
of right ventricular hypertrophy in thirteen cases on the basis of the following 
criteria: (1) reversal in the ratio of the amplitudes of the R and S waves in 
V, and V¢ characterized by an abnormally large R in proportion to S in V,, 
a diminution in ratio in leads further to the left, and a prominent Sin V4; (2) time 
interval from beginning of QRS to onset of intrinsicoid deflection that was abner- 
mally long in V,; (generally between 0.03 and 0.05 second) and greater than in V; 
or V«; (3) tendency to a small Q wave in \V,; (4) tendency to inversion of the T 
wave in V,; and to upright T wave in V¢;: (5) total duration of QRS less than 
0.12 second and generally within the normal range; (6) absence of notching or 
double peaking of the R wave of V;, except in one case where bundle branch block 
could be excluded and a conduction defect in the outer wall of the right ventricle 
postulated from the presence of a Q wave followed by a notched R in all leads 
from the right side of the precordium. The electrocardiographic findings were 
similar, irrespective of the cause of the right ventricular hypertrophy. 

(B) Pattern typical of right ventricular hypertrophy was present in Lead 
Ver, but not in V,; or Vs; in one patient, and signs of incomplete right bundle 
branch block were distinctive in V3p, but not in V; or V>; of another patient. 
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(C) Pattern presumptive of right ventricular hypertrophy was present 
in Lead Vg and aV x in six patients without confirmatory signs in V; or Vo. This 
pattern consisted of an abnormally large S wave in V, together with an abnor- 
mally tall R in aVr, which was four to ten times the amplitude of the downward 
deflection in the same lead. If additional leads had been taken over the right 
precordium, it is probable that the diagnosis of right ventricular hypertrophy 
could have been definitely established in some of these cases. 

(D) Incomplete right bundle branch block was present in nine patients, 
the diagnosis being established by the following criteria: (1) in leads from the 
right side of the precordium, the R wave was prominent and exhibited either 
a course notch or double peak and S wave was small or absent, whereas, in leads 
further to the left, S wave was deeper and broader; (2) time interval from begin- 
ning of ORS to onset of intrinsicoid deflection in V, that was generally between 
0.05 and 0.075 second and exceeded that in uncomplicated right ventricular 
hypertrophy ; (3) total duration of QRS that was less than 0.12 second and usually 
between 0.09 and 0.11 second; (4) absence of Q wave in leads from the right side 
of the precordium. The electrocardiographic pattern of incomplete right bundle 
branch block was more or less stereotyped, irrespective of the cause of the right 


ventricular hypertrophy. 

(E) Complete right bundle branch block was present in three cases, as 
indicated by the following criteria: (1) in leads from the right side of the pre- 
cordium the R wave was prominent and either coarsely notched or double peaked, 
Q was absent, and S was small or absent; (2) total duration of QRS was 0.12 


second or longer. Neither complete nor incomplete right bundle branch block 
are pathognomonic of right ventricular hypertrophy. 

(F) Pattern in the precordial and unipolar extremity leads was not diag- 
nostic of either hypertrophy or a conduction defect in the right ventricle in seven 
cases. One of these patients, who had an R’ deflection in V3p and V; which was 
thought to have been derived from the posterobasal surface of the left ventricle, 
is discussed in detail. 

4. The presence of right axis deviation in the standard leads accompanied 
by depression of RS-T, and RS-T; and inversion of T,: and T; is not diagnostic 
of right ventricular hypertrophy, as shown by previous workers and confirmed 
by our autopsy material. This pattern may occur in left ventricular hyper- 
trophy and even in normal subjects when the heart is in vertical position. 

We are greatly indebted to Dr. Frank N. Wilson for helpful advice and criticism. 


We wish to express our appreciation of the work of Miss Evelyn Erickson, Miss Geraldine 
Chesney, Miss Josephine McDonald, and Mr. Clayton Oliver in preparing the illustrations. 
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TONOSCILLOGRAPHY AFTER EXERCISE IN PERIPHERAL 
VASCULAR DISEASE AND COARCTATION 
OF THE AORTA 


B. Eyrup, M.D. 
STOCKHOLM, SWEDEN 


XERCISE-TONOSCILLOGRAPHIC studies have been carried out in normal 

subjects, in patients with peripheral circulatory disturbances, and in patients 
with coarctation of the aorta. The peripheral circulatory disturbances were 
divided into three groups: (1) demonstrable organic arterial circulatory dis- 
turbances; (2) intermittent claudication; and (3) miscellaneous types. 

Exercise tests were accompanied by an increase of blood pressure and larger 
pulsations in all normal subjects. In all cases with demonstrable arterial cir- 
culatory disturbances, however, an inverse reaction with decrease of blood pres- 
ure and weaker pulsations was obtained. The inverse oscillographic reaction 
was, on the whole, found in all cases of intermittent claudication. The other 
peripheral disturbances showed normal work tests. 

On the basis of our experience with exercise tonoscillography,'®-” this test is 
believed to be valuable in the early diagnosis of organic obliterating processes in 
the large vessels of the extremities, and may be useful for the differential diag- 
nosis of these states and those due to functional conditions. 

Repeated oscillograms with the patient at rest very often exhibit consider- 
able variation. Oscillography after exercise, however, gives more consistent 
records which are easy to reproduce. Work-tonoscillography is an attempt to 
eliminate the uncertainty of oscillographic measurements at rest. 

In order to obtain a graphic record of a work experiment by means of oscil- 
lography, an automatic blood pressure recorder has been constructed.* Ap- 
paratus of exactly the same type has not been previously described, although 
automatic blood pressure recorders of different construction and type are de- 
scribed in papers by Bergman,* Eldblom,' Stokvis,* Weiss,”° and others. 

Relatively little attention has been given to oscillography after exercise. 
Cornil and Parisot’ have referred to it. André-Thomas and Lévy-Valensi! have 
studied oscillometry after exercise and found that the pulsations become weaker 
or even disappeared in patients with intermittent claudication. Ipsen!® stated 
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that after making a patient perform an exercise test he could not feel the dorsalis 
pedis pulse, but the pulsation returned after a minute or two. In 1941, Leary 


and Allen,”! using oscillography after exercise, registered diminished pulsations 
in two cases. These results they thought to be due to arterial spasm. In three 
other cases, however, Leary, using an oscillometer, obtained either increased or 
unchanged pulsations. In the German and Anglo-American literature I have 
been unable, as yet, to find any reports of experiments carried out with oscillo- 
graphy after exercise. Following my first publication in 1°44, Lindqvist” pub- 
lished a paper in which he reported observations on oscillometry after exercise. 
His work involved a study of seven cases. 


APPARATUS 


The oscillographic records in this study were made with an automatic, 
graphic-recording blood pressure manometer. The apparatus is constructed so 
that the oscillograms are placed in a vertical position, side by side, in such a way 
that several oscillograms can be recorded on the same graph (Fig. 1). 


Fig. 1.—Photograph of automatic graphic-recording blood pressure manometer. The arrange- 
ment of the paper and recorder is such that oscillograms are recorded vertically. Several oscillograms 
can be recorded on same graph. 


The apparatus consists essentially of two systems working independently 
of each other (Fig. 2). The one system consists of a cuff (the upper or pressure 
cuff), a manometer, and an oxygen tank connected with each other by rubber 
tubes which pass through an automatic valve. The cuff is filled slowly from the 
gas tank and the filling is recorded by the manometer which, by means of a 
lever, inscribes the cuff pressure in direct proportion. The paper on which the 
lever writes has horizontal lines at pressure levels in the pressure cuff of 50 mm., 
100 mm., 150 mm., and so forth. 

The other system consists of a second cuff (the lower or pulse cuff), a gas 
tank, a piezoelectric crystal, an amplifier, an electromagnet, and a movable 
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writing pen attached to the lever mentioned previously. By means of valves, 
this cuff is filled and emptied at exact intervals. The small pressure variations 
produced in the lower cuff by the arterial pulsations are transformed into elec- 
tric potential variations by a piezoelectric crystal and are greatly amplified. 


Pressure 
euff 
Increasing 


~Drawing showing the connection of the two independent systems, the pulse cuff and the pressure 
cuff, to the amplifier and to the recorder. See text. 
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The registration is automatic and at each half-minute a new oscillogram is 
started. Each recording takes about twenty seconds. After a few seconds’ 
pause, the next record begins. During the pause the cuffs are completely emp- 
tied so that no venous congestion can take place (Fig. 3). 
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Fig. 3.—Two typical curves: <A, from a normal case, and B, from a case with 
organic vascular changes. 


In most instances, the two-cuff system was utilized, but occasionally a 
one-cuff system was used. The reading of the systolic and the diastolic pressure 
levels differs in the two systems. In the two-cuff system where, for example, 
one cuff is applied to the calf and the other to the ankle, the pressure increases 
continuously in the higher cuff (the pressure cuff) during the recording, whereas 
the lower cuff is immediately filled to a certain pressure, for example 50 mm., 


and is kept constantly at that pressure. The arterial pulsations that pass through 
the proximal pressure cuff are recorded by the lower cuff. It is clear that above 
a certain pressure in the upper cuff no more pulsations reach the lower cufl, and 
no further deflections are obtained from the recording lever by continued in- 
flation of the upper cuff. The advantage of this system is that the curves are 
more regular and more clearly defined, and that the systolic blood pressure can 
be more accurately determined. 
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At the start of the recording, when the lower cuff has been filled to 50 mm., 
the pen records the pulsations at right angles to the movement of the axis of 
the lever. Above systolic pressure the record of pulsation ceases but the lever 
continues to rise, writing only in a straight line. The registration takes place 
during inflation of the compressing cuff and the systolic blood pressure is the 
level at which the pen stops its oscillations. 

Change in configuration of the oscillographic pulse indicates the diastolic 
pressure. After having been similar for each cycle, the pulse curve begins to 
change its form. The position of the dicrotic notch is shifted. The initial pulse 
impact against the recording cuff becomes sharper, as indicated by steeper 
peaks. As a rule the pulse curve becomes narrower. Usually there is no diffi- 
culty in determining the diastolic blood pressure level, but in:some cases, es- 
pecially the pathologic ones with slow rising pulsations and low blood pres- 
sure, the same difficulties are encountered as in the auscultatory method. The 
transition becomes less clearly defined. In such cases the examination is made 
with the one-cuff system which shows the diastolic pressure more distinctly, al- 
though the systolic level becomes less definite. 


THE METHOD 


The patient is placed in a recumbent posture. All clothes that could cause 
pressure on the extremities are removed. The patient usually lies with the upper 
part of the body uncovered so that the proximal cuff can be applied to the arms 
as high as the armpits. Shoes, stockings, and trousers are removed. The room 
temperature is kept constant at about 20° C. All temperature variations are 
recorded. 

The cuffs are applied to the upper or lower legs, depending on which are to 
be examined. In most of the cases the oscillograms are recorded from both the 
arms and legs for comparison. The cuffs are always applied in the same way 
and at the same level on the extremities. A standard cuff with a special fasten- 
ing arrangement is used. The fastening process consists of metal pins arranged 
like steps. The particular hook by which the cuff is fastened is recorded. The 
circumference of the limb is recorded in centimeters at the level where the cuffs 
are placed. The cuffs are rather snugly applied. Each hook corresponds to a 
difference of 0.5 cm. in circumference. 

When examining the upper limbs the proximal cuff is applied close to the 
armpit and the distal cuff over the antecubital fossa or the wrist. The proximal 
cuff for the legs is applied at the narrow section between the knee and the calf. 
The distal cuff is placed immediately over the malleoli with its lower edge at the 
level of the internal melleolus. The center part of the cuff is, therefore, at the nar- 
rowest part of the leg. The cuffs can also be applied to the thigh and calf, in 
which case the proximal cuff is placed immediately above the knee, and the 
distal cuff just underneath the knee. 

When the one-cuff system is used, the cuff is applied to the small of the leg 
between the calf and knee, to the thigh above the knee, and higher up on the 
thigh in order to determine the level of the obstruction. 
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The patient first lies for twenty minutes in a horizontal position and his 
blood pressure is determined by oscillograph and auscultation. The oscillo- 
graphic as well as the auscultatory values are recorded and the exercise test does 
not begin until the basal values are reached. 

After a sufficient number of rest oscillograms have been made in horizontal 


position, the patient performs some exercise which usually consists of running 


some rounds in a circular staircase as described by Nylin.*! The exercise has 
three degrees of severity: (1) five rounds at 88 steps a minute (5/88) which is 
recorded as light work; (2) five rounds at 160 steps a minute (5/160), moderate 
work; and (3) ten rounds at 208 steps a minute (10/208), heavy work. These 
three procedures are used in Nylin’s cardiopulmonary function tests and have 
been found most practical. The rate of the different tests is determined by means 
of a metronome. In some cases tests were made using ten rounds at 160 steps 
a minute (10/160), that is, in cases where the patient had difficulty in making 
208 steps a minute but could very well make 160 steps. This amount of work is 
considerably less than 10/208 and the rate of 10/160 has, therefore, even been 
used in cases with coarctation of the aorta so that comparisons can be made as 
early as possible after the Crafoord operation.’~”° I have not been inclined 
to use the most strenuous test until one year after this operation.” 

For comparison, the ergometer bicycle. has been tried, the work being 
measured, however, in kilograms per minute. No difference in reaction has 
been observed; an inverse reaction was obtained after work on the bicycle in those 
cases that gave inverse reaction after exercise on the stair, and a normal reaction 
was obtained after work on the bicycle in those cases in which a normal reaction 
had been obtained after work on the stair. The bicycle has the advantages of 
recording the oscillogram during work, of using an extremity which is not re- 
quired in the work test, and of taking up less space than the stair. 

When the exercise has been completed the patient immediately resumes a 
horizontal position. The cuffs are applied in exactly the same way and fastened 
to the same hook as before the exercise. This procedure generally requires 
fifteen to twenty seconds. For uniformity, the recording of the initial oscillogram 
must be started exactly thirty seconds after the work has stopped. Thereafter, 
it is taken every half-minute until the blood pressure and the pulsations return 
to their prework values. The duration and type of the so-called recovery phase 
is examined and the magnitude of the oscillations before and after exercise is com- 
pared. The duration of the recovery phase is recorded in half-minutes. Here- 
with, one distinguishes between the restored blood pressure and the restored 
pulsations. 

Any symptoms occurring during and after exercise are recorded, as well as the 
time of appearance of any pain in the calves. Peculiarities, such as limping, 
breathlessness, precordial pain, cardiac palpitation, and hysteriform reactions 
are also recorded. 

Concurrently with the oscillographic recording after exercise, ausculatory 
blood pressure measurements are made on the other extremity or on the upper 
limbs and noted above the corresponding oscillogram of the registered curve. 
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As far as possible all cases are subjected to a study of their central 
circulation by means of physical examination, electrocardiogram, hypoxemia 
test, and x-ray examination with determination of the heart volume. In special 
cases measurements of the pulse wave velocity are carried out, and with a certain 
number of patients oscillography with optical registration has been used coin- 
cidentally with the mechanically inscribed oscillogram. The optical oscillogram 
was constructed by the use of one or two piezoelectric crystals connected with an 


electrocardiograph’® (Figs. 4 and 5). 
As a rule, the studies are carried out on all four extremities, the patient be- 
ing allowed to rest sufficiently long between each work test. When the blood 


Fig. 4.—Apparatus for recording the oscillogram by optical registration. See text. 
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pressure and the pulsations have returned to basal values, the patient is allowed 
to rest an additional half-hour before the next test. There is no difference in 
reaction to work between a test carried out immediately after the postexercise 
period and a test carried out one hour later. 


Before work 


Left ankle 


Right ankle 


After work 


Left ankle ~ 


Right ankle 


Fig. 5.—Oscillograms before and after work of a patient with organic obstruction of 
a large artery of the left leg (optical registration on the ECG apparatus). 


Before each examination accurate history and physical examinations are 
recorded -with special emphasis on the character of the peripheral vascular 
system. 

RESULTS 


Normal Cases.—Thirty-six normal cases have been examined. They have 
been divided into three groups: 


Group 1 included ten postmen who were first examined in the morning be- 
fore the day’s work and then immediately after the day’s work. The reason 
why postmen were chosen for study was partly because their lower limbs must 
be regarded as being functionally very efficient; and partly because this group 
can show whether there are differences in a work-oscillogram taken after a 
night’s rest, and in one made immediately after a strenuous day in which much 
walking and climbing of stairs is included. None of the postmen showed any 
difference in the type of oscillograms made before and after the day’s work. On 
both occasions they showed improved pulsations and raised blocd pressure. The 
severest exercise test (10/208) was used in all cases. The first test was made 
at 4:30 A.M. after a night’s rest, and the control test, which was carried out on 
the same leg and in exactly the same way, was made at 12:30 P.M immediately 


EJRUP: TONOSCILLOGRAPHY AFTER EXERCISE 49 


after the strenuous ‘‘second tour’’ was over. Oscillograms at rest were made on 
both occasions on both legs; the oscillograms did not differ. 

This group thus gave us the following information: (1) The time at which 
the work oscillogram of a normal case is taken is not important: (2) strenuous 
work for the legs done during the day does not seem to change the reaction to 
the work-test; and (3) the response to exercise by postmen does not differ from 
that of other groups of normal cases, in spite of strenuous work. 

Group 2 was composed of dancers and subjects having similar occupations 
(teachers of gymnastics, sportsmen). They all underwent tests on the arms and 
legs and all showed better pulsations and heightened blood pressure after exercise. 
Some have even been tested after different kinds of work. Oscillograms have 
thus been taken after one, two, three, and up to ten rounds with 208 stepsa minute 
on the Nylin staircase, and similar reactions to work were obtained in all cases. 

Group 3 included healthy normal subjects selected from the author’s ac- 
quaintances. As a rule, oscillography on both legs and in many cases repetition 
of the test after longer or shorter intervals was carried out. All these cases 
showed the heightened blood pressure and the increased pulse amplitude after 
exercise which was characteristic of the other two groups. 

One hundred thirty-seven work tests have thus been made on these thirty- 
six normal subjects and all the persons on which the experiments were made 
have shown similar reactions (Fig. 3, A). On repetition of the experiments on the 
same person, there was always the same type of exercise response. Further tests 
of normal cases are in progress. 

The division into three groups was made in order to show that there is no 
special difference in the 1, »¢ of work response in trained and untrained subjects. 
As to the raised blood pressure and the length of the recovery period, there was this 
difference, the blood pressure of the trained persons did not rise as high as that 
of the untrained, and the recovery phase was not as long. 

The blood pressure was higher in all cases in the lower limbs than in the 
upper limbs when measured on the upper arm and calf in the horizontal position. 
The difference was less in younger than in older persons. The pulsations were 
less in the small of the legs than in the arms at the level of the elbow. A com- 
parison of the pulsations of the small of the leg with those of the wrists showed 
that the pulsations of the wrists were less than those of the ank'es. The index 
was less than one unit as Atlas has stated.” 


Cases With Confirmed Structural Diseases. 
struction of the larger arteries of the limbs, the oscillogram after exercise showed 
an inverse reaction with a lower blood pressure and a decrease or absence of all 
the pulsations (Figs. 3,5,6,and 7). This inverse reaction occurred only if the os- 
cillogram was made distal to the obstruction. When a partial occlusion was 
present, in the popliteai artery, for example, the oscillogram from the small of 
the leg showed this inverse reaction, but oscillography on the thigh above the 
knee and on the calf just under the knee gave the heightened blood pressure and 
the respective increase of the pulsations which are characteristic of normal 


When there was organic ob- 


subjects. 
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The inverse reaction after exercise in pathologic cases seems to be independ- 
ent of the nature of the stenosing process. Thus, cases of Buerger’s disease, 
arteriosclerosis, and postembolic states gave the same inverse reaction. 


Normal Case j 
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In a normal person the oscillogram at rest can show very small deflections, whereas in a 


person with intermittent claudication it can reveal moderately large pulsations which are better than the 
pulsations in a normal person. 


is skiing. 


Fig. 6. 


The upper oscillograms were made on a 25-year-old woman whose hobby 
The lower oscillograms were made on a 45-year-old man who had Buerger’s Disease. After 
exercise the oscillograms of these two patients changed very strikingly so that the normal subject had 
large pulsations whereas the pulsations of the patient with Buerger’s Disease disappeared. 


Only those cases of structural changes confirmed by arteriography have been 
included in this group (ten cases). 


All cases have, without exception, shown 
the inverse reaction after exercise. 


That this group contains so few cases de- 
pends partly on the fact that we do not like arteriography, and partly because 
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contrast media were difficult to obtain during the war. I chose to include in this 
group only the absolutely definite cases of organic obstruction. All others with 
typical clinical signs are included in the next group under Intermittent Claudi- 


cation. 


Intermittent Claudication.—Most patients with organic arterial obstruction 
exhibit intermittent claudication. This symptom is probably caused by the ves- 
sel closure even if there is a considerable degree of associated vasoconstriction. 
Most of the patients with claudication showed abnormal work-tonoscillograms, 
that is oscillograms of the type found in the previously mentioned group with 
structural changes. This fact should compensate for the small number of cases 
in the latter group. 

Fifty-four patients with typical intermittent claudication were studied. 
All of them were subjected to work-oscillographic studies, and no less than fifty- 
two showed the inverse reaction to exercise. Some patients had symptoms in 
only one limb but nevertheless showed pathologic exercise oscillograms from both 
limbs. The oscillogram was always more abnormal, however, in the painful 
limb. Vascular changes were present in both limbs, although less in one of 
them. The reason the patient may not have symptoms in both limbs is 
that the pain in one limb prevents his performing an amount of work sufficient 
to produce pain on the healthier side. 

These experiments show that oscillography after exercise permits an early 
diagnosis in cases of structural vascular change where intermittent claudication 
has not yet appeared but an inverse reaction can be demonstrated. This fact is ob- 
viously important from the prognostic point of view. 

A number of exercise-tests were performed on these fifty-four patients, many 
of whom have been re-examined every vear in connection with diagnostic and 
therapeutic procedures. It was demonstrated in those cases that it was easy to 
obtain consistent results which show few variations in the appearance of the 
recovery phase after the same exercise. 

Since each of the two lower extremities represents one test object with 
individual reactions, depending on the state of the artery in the extremity ex- 
amined, the number of exercise-tonoscillograms have been considered in relation 
to the number of examined extremities. This method was used since it gives 
statistically more reliable values than when the patient is taken as a unit. A 
total of ninety-eight extremities have been examined. Of these, typical inter- 
mittent claudication was present in eighty-nine. Of these claudicant limbs, 
eighty-five showed pathologic work-tonoscillograms. All pathologic work- 
tonoscillograms were obtained from extremities which exhibited claudication. 
Of 250 examinations after exercise which were made on claudicant limbs, 246 
showed an inverse reaction. 

As most of the patients in the group with intermittent claudication showed 
pathologic oscillograms after exercise the question arises as to what difference ex- 
ists between cases of intermittent claudication which show the inverse reaction 
and those which do not. It appears that the two exceptional patients had served 
their time in the army and that their symptoms had been aggravated. 
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Coarctation of the Aorta.—Through the Crafoord operation®* the diagnosis of 
coarctation of the aorta may be confirmed, and seventeen such cases have been 
examined. Exercise tests were made before the first operation because many of 
the patients complained of intermittent limping. On examination, all of the 
cases of coarctation showed a typical reaction after exercise, as well as a typical os- 
cillographic picture during rest. Characteristic of the latter is high blood pres- 
sure and large pulsations in the upper limbs, as well as low blood pressure and 
small pulsations in the lower limbs. After exercise, these patients showed no in- 
creased blood pressure but rather a slight drop. In some cases the pulsations 
were diminished or even absent. In other cases there was a slight increase in 
the size of the pulsations. None of the seventeen cases examined, however, 
showed a normal reaction after exercise from the lower limbs (Fig. 8, left). 
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Fig. 8.—-Work-oscillograms of both lower limbs before and after operation in a patient 
with coarctation of the aorta. 
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The exercise-oscillographic test was used in these cases to confirm the diag- 
nosis. It was also of great interest to observe how, after the Crafoord operation,* * 
with resection of the stenosed section of the aorta and end-to-end anastomosis, 
the circulation was re-established and normal exercise tests could be obtained from 
the lower limbs (Fig. 8, right). The examination of patients with coarctation 
has emphasized the accepted hypothesis that exercise-oscillography gives an in- 
verse reaction when there is organic obliteration of the large arteries. The in- 
verse reaction disappeared after the coarctation was corrected. 


The Remaining Cases.—The remaining group tested with oscillography after 
exercise comprised 310 cases. The patients were of different ages and their com- 
plaints arising from the lower limbs included paresthesias, joint pains, neuritic 
manifestations, fatigue, and flat feet. In this group there were no patients with 
typical intermittent limping. Some of the patients suffered from chronic carbon 
monoxide poisoning with pains in the lower limbs, and quite a number had the 
typical symptom of “‘restless legs.’"* Usually, both legs were examined but none 


of the patients in this group showed any inverse reaction on work. 


DISCUSSiON 


The rise in blood pressure during and after exercise in normal subjects has 
been known a long time and has been pointed out by several authors. The in- 
crease in size of pulsations in the upper limbs after exercise has also been de- 
scribed and demonstrated on the oscillogram.*" The decrease in size of the pulsa- 
tions in the lower limbs after exercise in pathologic cases, on the other hand, has 
been the subject of study by only a few authors. Christensen® studied the reac- 
tion in patients with effort angina and the effect of hyperventilation. André- 
Thomas and Lévy-Valensi,'! Leary and Allen,?° and Lindqvist® have 
made osciliographic studies on cases of claudication. Lowering of the blood pres- 
sure after work in cases of cardiac insufficiency has been noted in the upper limbs 
by Grebner and Griinbaum,'? Masing,* and others. As to the fall of blood pressure 
after exercise in the lower extremities in the presence of stenosing disease of the 
larger arteries, I could find no special reference in the literature. It should be em- 
phasized that the lowered blood pressure is a finding which is quite as impor- 
tant as the decrease of pulsations. The syllable, ‘‘ton,”’ in the expression ‘‘ex- 
ercise-tonoscillography”’ indicates that in addition to the size of the pulsations, 
the height of the blood pressure is also obtained from the written oscillogram. 

It is of interest to discuss the conditions which produce the pathologic work 
oscillogram. Is it spasm in the artery, or is there another cause for the fading 
pulsations? Different opinions regarding the explanation of intermittent claudi- 
tion are found in the literature (Charcot,® Erb,’® Lewis and associates,”! and Hus- 
tin'?). The author is inclined to believe that collateral spasm is one of the 
causes of the absent pulsations. In many cases the main artery is narrowed 
or obliterated and the blood supply is maintained only throvgh collateral chan- 
nels. This is true, for example, in a number of cases of coarctation, but it can 
also be clearly demonstrated in peripheral circulatory derangements. Neverthe- 


54 


EJRUP: TONOSCILLOGRAPHY AFTER EXERCISE 55 


less, there are distinct pulsations recorded by oscillography. These pulsations 
arise from the collateral vessels. The collateral vessels are dilated arteries or 
capillaries with a structure that does not coincide with the function they perform. 
Another factor is their superficial position. The collaterals are not enclosed in 
arterial sheaths between the muscle bundles but cross these muscle bundles 
more or less lengthwise. They are thereby exposed to an influence which, in 
combination with their weaker structure, increases their tendency to spasm. 
When spasm of the collaterals occurs and the principal artery is more or less ob- 
literated, all the pulsations vanish distal to the level at which the collaterals tra- 
verse the muscles. In cases of coarctation, where the occlusion is complete and 
the lower half of the body is supplied soiely through the collaterals, exercise- 
oscillography shows diminished pulsations in the legs where normal or increase of 
pulsations due to compensatory dilatation, might be anticipated. This phe- 
nomenon is most likely caused by vasoconstriction in the collaterals. 

This collateral spasm theory should apply unreservedly to those cases 
where the main artery is completely obliterated. In other cases with a partially 
obliterated main artery, the same thing can happen, but there should be an in- 
creased tendency to spasm also in the pathologically altered main artery. 


On examination of the structural changes of the peripheral arteries, as in 
cases of coarctation of the aorta, beth the systolic and the diastolic pressures 
fallin the legs after exercise. This could be due partly to the fact that the blood 
is pumped away from the muscles through the intact venous system, the obliter- 
ation of the arteries, meanwhile, hindering the inflow. If the venous outflow 
were checked, the local situation should be improved. Experiments with per- 
manent venous congestion in those cases are in progress. Intermittent venous 
congestion in claudication cases have already been tried with good results.*% 
Permanert venous congestion has been produced by operation in cases of angina 
pectoris. There seems to be no contraindication to establishing a slight perma- 
nent congestion in cases with peripheral disease during walking. On making exer- 
cise tests with and without induced venous congestion, the test with congestion 
has caused less discomfort and better function. A patient who could only walk 
for three minutes at a certain rate, when an inflated cuff was applied to the Jimb, 
walked for nine minutes at the same rate and had to stop because of breathiess- 
ness. 

The cause of the inverse oscillographic reaction to work in pathologic cases 
is probably quite complicated, but at least three possibilities mentioned pre- 
viously should be considered: (1) collateral spasm; (2) arterial spasm; and (3) 
capillary bed evacuation. 

The exercise-tonoscillographic test is convenient and useful in evaluating var- 
ious therapeutic measures. Parallel with subjective recovery in the case of in- 
termittent claudication, the exercise-oscillographic test shows a gradual improve- 
ment with better pulsations, higher blood pressure, and a shortened postexercise 
period. 

In several cases with pain and definite organic vascular disease in one limb, 
an abnormal exercise-oscillogram has demonstrated early organic changes in the 
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asymptomatic limb. The decrease of blood pressure, for instance, is less marked 
and there is only moderate or no reduction of pulsations. In some cases there 
is a distinct reduction of the pulsations without a decrease in blood pressure. 
The test gives evidence of disease before the occurrence of subjective symptoms 
The inverse oscillographic reaction appears much earlier than the pains in the 
calf. If the work is forced in such a case, typical symptoms of intermittent 
claudication appear concomitant with further pathologic change in the exercise- 
oscillogram. No normal subject has shown a decrease of blood pressure or re- 
duction of the pulsations one-half minute after exercise. All cases of vascular 
disease, on the other hand, have shown changes ranging from absent pulsations 
and decrease of blood pressure to zero in the injured limb to normal reactions in 
the healthy limb. The test ought, therefore, to constitute an objecive index of 
the efficiency of the vascular system in the limb examined. Compared to other 
diagnostic tests, exercise-tonoscillography is the simplest and also gives the earliest 
information concerning the functional capacity of the vessels. 

The author has not been able to find any difference between cases of ar- 
teriosclerotic obstruction, typical Buerger’s disease, and postembolic occlusion 
of the large vessels. The type of the inverse reaction apparently varies with 
the degree of obstruction and the development of the collateral circulation. 
The differential diagnosis between the previously mentioned conditions is not 
aided by this test. On the other hand, the inverse reaction seems to be asso- 
ciated with the presence of an organic obliteration and the test is thus applicable 
in the differential diagnosis between functional and organic conditions. 


SUMMARY 


A method for automatic oscillographic blood pressure recording is described. 
By this method oscillograms can be taken in succession without any venous con- 
gestion in the examined limb. The oscillograms are written vertically on an end- 
less paper perpendicular to the length of the roll so that variations of the blood 
pressure and pulsations can be observed easily. The apparatus is especially 
suited for the taking of oscillograms after exercise when several successive os- 
cillograms are required to record the type and length of the postexercise period. 

The procedure involved in exercise-oscillography is described. Oscillograms 
are first taken with the patient at rest in the horizontal position. Work tests 
are then carried out on the Nylin stairs or an ergometer bicycle, after which the 
oscillograms are repeated in the horizontal position during the postexercise 
period. In normal cases an increase of blood pressure and pulsations is observed 
after exercise, whereas in cases in which organic vascular changes have been demon- 
strated and in cases of typical intermittent claudication, an inverse reaction 
with decrease of blood pressure and lowering of the pulsations is obtained in the 
lower limbs. 

In cases of coarctation of the aorta, a pathologic reaction occurs with no in- 
crease of blood pressure. In some cases the pulsations are diminished while in 
others they may be slightly improved. This pathologic reaction disappears 
after operation and the oscillographic picture at rest and after exercise becomes 
normal. 


Cases of vague symptoms arising in the legs which do not constitute true 
intermittent claudication show, with few exceptions, a normal oscillogram after 


arterial circulatory disturbances is pointed out. 
the differential diagnosis between structural and functional changes of the 


arteries are considered. 
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exercise. 
The pathogenesis of the abnormal exercise-tonoscillogram is discussed and the 
value of exercise-tonoscillography in the early diagnosis of organic peripheral 


Its value and importance in 
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VARIATIONS IN THE DEVIATIONS OF S-T IN ANTERIOR WALL 
INFARCTION 


WILLIAM DREssSLER, M.D., NEw York, N. Y., AND 
\!.D., PHILADELPHIA, PA. 


| get rie of the anterior wall in the early stage is characterized by up- 
ward displacement of S-T in Lead I and by downward movement of S-T in 
Lead III. In the presence of posterior wall infarction, the direction of the dis- 
placement of S-T in Leads I and III is the reverse. The reciprocal deviations 
of S-T may be of the same magnitude in Leads I and III. In some cases of an- 
terior wall infarction, the elevation of S-T in Lead I ts more marked than is the 
depression in Lead III. In other instances upward displacement of S-T in Lead 
I is slight and well within the normal range, whereas depression of S-T is marked 
in Leads II and III. Occasionally, depression of S-T is observed even in Lead 
I in the very early stage of anterior wall infarction. Similar variations are seen 
with infarction of the posterior site. The varying deviations of S-T seem tc 


depend largely on the site and extension of infarction. Since, by taking multiple 
chest leads, these factors readily can be determined in the presence of anterior 
wall infarction, but not in infarction of posterior location, only cases of anterior 


wall infarction are included in this study. 


CASE REPORTS 


Case 1.-——B. L., a 56-year-old man, suffered an attack of severe substernal pain associated 
with sweating on July 20, 1943. The attack was followed by a fall in blood pressure and in- 
crease in sedimentation rate. The further course was uneventful. 

An electrocardiogram (Fig. 1, A) was obtained on the day of the attack. It showed in Lead 
I depression of the S-T junction and a diphasic T wave. In Lead III there was very slight ele- 
vation of S-T and the T wave was unusually high. Lead CF, showed a QS deflection with a rudi- 
mentary R wave; the S-T junction was clevated and the T wave upright. Elevation of S-T 
was even more marked in Lead CF;. On the other hand, Lead CF; showed marked depression 
of S-T and almost complete inversion of T. 

Another electrocardiogram (Fig. 1, B) was obtained three weeks after the attack. The 
deviations of S-T had largely subsided and had given way to sharp inversion of T in Lead I 
and in the chest leads. <A tracing taken seven months after the attack (Fig. 1, C) showed almost 
complete reversion of the previous changes to normal. 

From the Department of Medicine, Israel Zion Division, Maimonides Hospital, Brooklyn, N. Y. 
and the Departments of Medicine and Radiology, Temple University Medical School and Hospital, 
Philadelphia, Pa. 
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Fig. 1.--Case 1. Anteroseptal infarction (proven by necropsy). A, On the day of the coronary 
attack. Elevation of S-T in Leads CF, and CF; is accompanied by depression of S-T in Lead CF, 
and Lead I. B, Nineteen days after the attack. Sharp inversion of T in Lead I and in all chest leads. 
C, Return to normal. 


Fig. 2.—Case 2. Three days after a coronary attack. Signs diagnostic of anteroseptal infarc- 
tion. Elevation of S-T in leads from the right side of the precordium is accompanied by depression 
of S-T in chest leads from the left side and in Lead I. 
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The patient died suddenly two and one-half years after the coronary attack of July, 1943. 
Post-mortem examination revealed an old, recanalized thrombus in the anterior descending 
coronary branch. An irregularly formed scar of dense fibrous tissue was found in the anterior 
wall of the left ventricle close to the interventricular septum. 


Summary.—In the early stage of anteroseptal infarction (proven by necropsy 
two and one-half vears later) the electrocardiogram showed elevation of S-T 
in leads from the right side of the chest, and depression of S-T with almost com- 
plete inversion of T in the lead from Position Cy. In Lead I, as in Lead CF, 
the S-T junction was depressed and the T wave was almost completely inverted. 


Case 2.—R. P., an 86-year-old woman, had had high blood pressure for the past few years 
and had often felt substernal pressure on exertion. On June 28, 1946, the patient suffered an 
attack of protracted precordial pressure accompanied by dyspnea and wheezing. She was ad- 
mitted on the following day to the hospital. Low-grade fever developed after the attack and lasted 
for four days. 

An electrocardiogram was taken three days after the attack (Fig. 2). It showed in Leads 
CF, and CF: deep QS deflections, elevation of S-T, and inversion of T. In Leads CF, and CF,, 
and also in Lead I, the S-T segment was depressed and the T wave diphasic. 


Summary.—The electrocardiogram showed signs of anteroseptal infarction. 
Elevation of S-T in leads from the right side of the precordium was accompanied 
by depression of S-T in leads from left-side positions and in Lead I. 


Case 3.—S. W. was a 45-year-old man. During the past two months he had suffered from 
“indigestion pain’’ which occurred frequently after meals. On May 23, 1943, he developed 
severe and protracted chest pain, but continued working. Two days later there was an even 


” 


worse attack which was accompanied by shock. 


I II III Fs Ch, Chg 


Fig. 3—Case 3. Signs diagnostic of recent lateral wall infarction. .A, Four days after the cor- 
onary attack. Elevation of S-T in leads from the left side of the precordium and in Lead I is associated 
with depression of S-T in leads from the right side and in Lead III. B, One month later. Sharp in- 
version of T in Leads I and II and in the leads from the left side of the precordium Note the marked 
increase in the amplitude of R and T in Leads CFe2 and CFs. 


The first electrocardiogram was taken four days after the last attack of pain (Fig. 3, A). 
It showed in Leads CF; and CFs, and also in Lead I, a deep Q wave and elevation of S-T. Depres- 
sion of S-T was present in Leads CF; through CF; and in Lead III. Ina tracing taken a month 
later (Fig. 3, B), the deviations of S-T had disappeared. There was sharp inversion of T in Lead 
I and in Leads CF; and CFs. A striking increase in the amplitude of the R and T waves was 
noted in the leads from the right side of the precordium. 


60 


DRESSLER AND ROESLER: S-T IN ANTERIOR WALL INFARCTION 61 


Summary.—The electrocardiogram indicated recent infarction of the lateral 
wall. Anearly tracing showed elevation of S-T in leads from the left side of the 
chest and in Lead I, accompanied by depression of S-T in leads from right-side 
positions and in Lead III. In a later stage, when deviation of S-T had dis- 
appeared, inversion of T in leads from the left side of the chest was associated 
with marked increase in the amplitude of the R and T deflections in leads from 


the right of the precordium. 


Case 4.—G. D. was a 72-year-old man. On July 8, 1945, while walking, he was seized with 
severe substernal pain which radiated to the neck. He perspired and felt nauseated. He came 
Physical examination revealed no abnormal find- 


to the accident dispensary and was admitted. 
ings. On the next day there was marked fall in blood pressure. 


The first electrocardiogram was taken three and one-half hours after the onset of the attack 
(Fig. 4, A). There was left axis deviation. QRS was slurred and 0.12 second in duration. No 
significant deviation of S-T was noted in the limb leads. In the chest leads, the S-T segment was 
abnormally elevated in Lead CR¢z and abnormally depressed in Leads CR, through CR3. 


The second electrocardiogram (Fig. 4, B) was obtained nine hours after A. Elevation of 
S-T was diminished in Lead CRs; Leads CR; through CR; showed, instead of depression, slight 
elevation of S-T. The voltage of T had decreased in all leads, but the decrease was greatest in 
Lead I and in Leads CR, through CRs. The next tracings (Fig. 4, C, D, and EZ) showed a fairly 
significant Q wave in Lead I and progressive inversion of T in Leads I and CR, through CRe. 


Temporarily, in tracing C, there was shallow inversion of T, and Ts. 


Summary.—The electrocardiogram suggested recent lateral wall infarction. 
An early tracing, taken three and one-half hours after onset of the coronary 
attack, showed elevation of S-T in leads CR; and CRg and marked depression 
of S-T in the leads from the right side of the precordium. The depression of 
S-T was no longer present twelve hours after the onset of the attack. No sig- 
nificant deviations of S-T were noted in the limb leads. (Possibly there was also 
an old anteroseptal infarction, which is suggested by small R deflections in 


Lead CR2.) 


CasE 5.—J. G., a 58-year-old man, suffered from mild shortness of breath for several weeks 
prior to admission. He did not complain of anginal pain. He was hospitalized because of in- 
creasing fullness in the upper abdominal region. The heart was moderately enlarged. The blood 
pressure was 138/80. There was slight increase in venous pressure. The temperature was 
The patient died suddenly six days after admission during a roentgenologic examina- 


normal. 
tion of his gastrointestinal tract. 


An electrocardiogram (Fig. 5) was obtained six days prior to death. In Lead I it showed a 
small Q wave coupled with a low R deflection ; the S-T junction was cnly inconspicuously displaced 
downward and the T wave was slightly inverted. In the chest leads, the R deflection was strik- 
ingly low in Lead CR;; in Leads CR, and CR; a small Q wave was accompanied by R deflections 
of normal amplitude; the S-T segment was markedly depressed and the T wave diphasic; there 
were rather high T waves in Leads CR: and CR;. 


Post-mortem examination revealed arteriosclerosis in all main branches of the coronary 
arterial tree. The left coronary artery was markedly narrowed in the proximal portion, and its 
circumflex branch was occluded by calcific deposits. Extensive scarring was found in the ante- 
romedial aspect of the left ventricle. A recent infarction in the anterolateral wall extended from 
It did not include the subepicardial muscle layers. 


base to apex. 


Fig. 4.—Case 4. Signs of recent lateral wall infarction. A, Three and one-half hours after the 
onset of the coronary attack. Elevation of S-T in Leads CR; and CR¢ is accompanied by depression 
of S-T in Leads CR, through CR;. 3B, Eighteen hours after the onset of the attack. 
S-T in Leads CR; and CRe¢ has decreased. 
way vo slight elevation. 


Elevation of 
Depression of S-T in Leads CR; through CR; has given 
C, D, and E, Progressive inversion cf T in Leads I and CR, through CRe. 


In all tracings the R deflection in Lead CRe is strikingly low; this may be a residual of old anteroseptal 


infarction. 


Fig. 5.—Case 5. Recent anterolateral infarction extending from base to apex, not involving the 
subepicardial muscle layers (proven by necropsy). Marked depression of S-T in Leads CR, and CRs. 
The T wave is high in Lead CRe. Lead I presents a small Q wave coupled with a low R deflection; 
depression of S-T is inconspicuous; T; is mainly inverted. 
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Summary.—Depression of S-T in Leads CR, and CR; was apparently due 
to extensive recent infarction in the anterolateral wall (shown by necropsy) 
which did not include the subepicardial muscle layers. Also high T waves in 
leads from the right side of the chest were explained by the presence of lateral 
wall infarction. A smail R wave in Lead CR3, which was lower than the R 
deflection in Lead CRe, was the only indication of scarring in the anteromedial 


aspect of the left ventricle which was found at necropsy. 


CasE 6.—C. G., a 63-year-old man, was admitted to the hospital on May 27, 1943, because 
On the following day, while cystoscopy was being performed, the patient ex- 


of hematuria. 
The attack was followed by rise in temperature. Death 


perienced severe substernal pain. 
occurred three days after the attack. 
An electrocardiogram was taken five hours after the onset of the attack (Fig. 6, A). In Lead 
I it showed inconspicuous elevation of the S-T junction and straightening of S-T. In Leads II and 
III marked depression of S-T and inversion of T were present. The chest leads showed signs 
of recent anterior wall infarction, that is, QS deflections, elevation of S-T, and T waves of marked 


amplitude. 
In another tracing obtained a day after the attack (Fig. 6, B), T; was flat. In the chest 


leads the amplitude of T had decreased and a terminal dip was noted in the T waves. 


A 
28-43. SLRI-43 


Fig. 6.—Case 6. Extensive recent infarction involving the anterior portion of the interventricular 
septum and adjoining parts of the anterior wali of the left ventricle. The subepicardial muscle layers 
are involved (proven by necropsy). A, Five hours after onset of the coronary attack. Leads CF». 
and CF, show QS deflections, marked elevation of S-T, and high T waves. In Lead I, elevation of the 
S-T junction is inconspicuous and contrasts with marked depression of S-T in Leads II and III. B, 
One day later. The amplitude of the T waves in Lead I and in the chest leads has decreased. In Leads 
CF, and CF, there is a terminal dip of the T wave. 


1 | = 


Fig. 7.—Case 7. Recent anteroseptal infarction. A, Three hours after onset of the coronary 
attack. In Leads I, II, and CR; through CR¢z marked depression of S-T is associated with unusually 
high T waves. No significant changes of QRS. Signs of subepicardial muscle injury (high T waves) 
are here superimposed on signs of subendocardial injury. B, Eighteen hours after onset of the attack. 
Depression of S-T is replaced by abnormal elevation. Characteristic changes of QRS and T indi- 
cate anteroseptal infarction. C and D, Progressive inversion of T in Lead I and in the chest leads.* 


*This case is also referred to in Dressler, W., and Roesler, H.: “High T Waves in the Earliest 
Stage of Myocardial Infarction,’’ Au. Heart J. 34:627, 1947, Fig. 3. 
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Post-mortem examination revealed extensive recent myocardial infarction, which involved 
the anterior portion of the interventricular septum and a large adjacent area of the anterior wall 
of the left ventricle. At several spots, necrosis extended to the subepicardial muscle layers. 


Summary.—The electrocardiogram indicated recent infarction of the an- 
terior wall. Although leads from Positions C; and Cg were not available, 
the absence of significant changes in Lead I suggested that the lateral wall was 
not involved. This was proven at post-mortem examination. In the limb 
leads there was striking incongruity between marked depression of S-T in Leads 
II and ITI and the lack of significant elevation of S-T in Lead I. 


CasE 7.—L. C. was a 36-year-old man. In the latter part of November, 1945, he was 
suddenly seized with an attack which gave the sensation of his having been “hit in the epigastric 
notch.”” Three days later, while working, he had what he considered to be indigestion with 
distress in the epigastric region. During the first half of March, 1946, there were similar attacks 
which were unrelated to intake of food. They lasted from ten to fifteen minutes. At 2 P.M. 
on March 14, 1946, the patient experienced a burning sensation behind the sternum, vomited, 
and felt weak. He was presently brought to the accident dispensary and still complained of a 
squeezing and burning sensation behind the sternum. The blood pressure was 90/70. The 
white blood count was 17,100. The sedimentation rate was normal on the day of attack. On 
the following day the temperature rose and remained above normal for nine days. There was 
increase of the sedimentation rate on the fourth day after the attack. 

An electrocardiogram was taken three hours after the onset of the severe attack on March 
14, 1946 (Fig. 7, A). It showed no significant abnormalities of QRS. The most striking change 
was marked depression of S-T in Leads CR; through CR». S-T depression was present, but less 
marked in Leads I and II. The depression of S-T contrasted with an unusual increase in the 
amplitude of the T waves, which was especially noticeable in the chest leads. 

In the second tracing (Fig. 7, B) taken eighteen hours after the onset of the attack, depres- 
sion of S-T had given way to marked elevation. There was a significant Q wave in Lead I. In 
Leads CR; through CR,, the R deflection had almost disappeared. The amplitude of the high 
T wave had decreased and a terminal dip of T appeared in Leads I, and CR» through CR,. 

Tracings C and D, taken three and seven days, respectively, after the attack, showed pro- 
gressive inversion of T in Lead I and in the chest leads. 


Summary.—An electrocardiogram taken three hours after the onset of a 
coronary attack presented unusual features, namely, marked depression of S-T 
coupled with unusually high T waves in Leads I, and CR; through CRg¢. Eight- 
een hours after the onset of the coronary attack, depression of S-T had given 
way to elevation, and the electrocardiogram presented the typical features of 


anteroseptal infarction. 


COMMENT 


Recent experimental findings have improved our understanding of the vari- 
able deviations of S-T observed in myocardial infarction. It has been long 
known?~ that elevation of S-T is associated with damage of the subepecardial 
muscle layers, while injury to the subendocardial muscle results in depression 
of S-T. In animal experiments, Wolferth and associates’ showed, in direct 
leads from the surface of the heart, that injury to the subepicardial muscle 
beneath the exploring electrode caused elevation of S-T. When, however, the 
exploring electrode was placed at a site removed from the area of superficial 
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muscle injury, depression of S-T was observed. The reversal in direction of the 


deviation of S-T was often abrupt when the exploring electrode was moved from 
damaged to undamaged myocardial areas, and depression of S-T was obtained 
even from points on the surface of the heart remotely located from the area of 
damage. There was also depression of S-T when injury was confined to the sub- 
endocardial muscle layers beneath the exploring electrode placed on the surface 
of the heart. All of these deviations of S-T occurred regardless of whether the 
injury was caused by mechanical, chemical, or thermal influence, or by inter- 
ference with the blood supply to the heart muscle. 


The changes of S-T that resulted from complete or partial obstruction of 
a coronary artery are of particilar interest for clinical problems. Wolferth 
and associates’ observed that after complete obstruction of a coronary branch, 
there was elevation of S-T in direct leads from the surface of the area deprived 
of blood supply. When the electrode was moved to muscle portions with un- 
restricted blood flow, depression of S-T was noted, and reversal in the direction 
of deviation was often abrupt at the margin of the ischemic muscle area. Partial 
obstruction of a coronary artery caused either no deviation of S-T or upward 
displacement, depending on the degree of interference with the blood flow. In 
some experiments, however, partial obstruction produced depression of S-T in 
direct leads from both the surface of the area partly deprived of its blood supply 
and from surrounding, apparently normal myocardium. When the degree of 
obstruction was increased, negative displacement of S-T turned into positive 
deviation. On the other hand, when complete or partial obstruction had caused 
upward movement of S-T and the blood flow was then restored to normal, there 
was depression of S-T for a short period before the S-T segment returned to 
its original level. The authors thought this was due to selective involvement 
of the subendocardial muscle layers. Clinically, it has been known that in- 
farction confined to subendocardial muscle layers was characterized in the 
electrocardiogram by downward deviation of S-T in limb and chest leads.*-® 


The deviations of S-T which occur in clinical cases of infarction conform 
largely to the experimental findings. Reciprocity in the deviations of S-T is 
observed not only in the limb leads but often, also, in the leads from the right 
and left sides of the precordium.* When anteroseptal infarction is present, 
elevation of S-T in leads from the right side of the precordium may be asso- 
ciated with depression of S-T in leads from the left side (Cases 1 and 2; also in 
the portion of Fig. 29 dated 1-17-42, of a paper of Wilson and associates).'! Lead 
I may then show depression of S-T (Cases 1 and 2), contrary to what is usually 
expected in anterior wall infarction, and the resulting picture may resemble 
that which is sometimes associated with lateral wall infarction.’ Occasionally, 
in the presence of anteroseptal infarction, depression of S-T may even be ob- 
served in all limb leads; this is shown, for instance, by the case of Wilson and 
associates,'! which was cited previously. 


*Kisch'" has shown in animal experiments that damage that is strictly limited to one ventricle 
causes lifting of the S-T segment and of T in homolateral chest leads, and depression of these parts of 
the tracing in heterolateral chest leads. 
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Reciprocal deviations of S-T in the chest leads, however, are not seen so 
often with anteroseptal infarction as might be expected on the basis of the ex- 
perimental findings. In many cases, elevation of S-T, which is marked in leads 
from the right side of the precordium where it is associated with deep Q waves, 
extends as far to the left as Positions C; and C, (Fig. 7, B). This may be due 
to different factors. First, when anteroseptal infarction is present, the distur- 
bance in blood flow initially may extend far to the left beyond the area which 
becomes the site of ischemic necrosis, and adequate blood flow in the lateral 
parts of the anterior wall of the left ventricle may be soon restored by collateral 
anastomoses. The initial disturbance of blood flow in the lateral area may be 
responsible for the slight elevation of S-T, which is observed in leads from the 
left side of the precordium beyond the region which develops characteristic 
changes of QRS. Second, it must be kept in mind that chest leads, unlike direct 
leads, tap not only the small area which is covered by the exploring electrode, 
but a much larger region which may include damaged and undamaged myo- 
cardial] tissue. The changes of potential thus recorded by a sing'e chest Jead may 
represent a mixture of positive and negative variations. This is even more true 
of the limb leads. The resulting deviation of S-T recorded in the electrocardio- 
gram depends on whether the positive or negative charge prevails. Hence, in 
many instances of anteroseptal infarction, elevation of S-T is observed not only 
in leads from the sight side of the precordium but also, though to a less marked 
degree, in leads from left-side positions. -In such instances, when the reciprocal 
negative potential change of S-T is marked in the posterior (diaphragmatic) 
wall, a striking S-T pattern is observed in the limb leads. In Lead I there is 
usually slight elevation of S-T which may be well within normal limits; this is 
in striking contrast to marked depression of S-T which is seen in Leads II and 
III (Case 6). The reverse picture may be observed in some instances of pos- 
terior wall infarction. 

When myocardial infarction is of lateral location, elevation of S-T may be 
seen in leads from the left side of the precordium, while depression of S-T is 
noted in leads from right-side positions (Cases 3 and 4; also in a portion of Fig. 
36 dated 3-11-42, in a paper by Wilson and associates'). In the subacute stage 
of lateral infarction, another reciprocal change is often seen,'! namely, marked 
increase in the amplitude of R and T in chest leads from right-side positions 
(Case 3). 

Elevation of S-T in leads from the left side of the precordium in the presence 
of lateral infarction is not an invariable finding. Wood and associates® have 
described depression of S-T in Leads I and IV as characteristic of lateral wall 
infarction. We have observed similar features in some of our cases. Depression 
of S-T may be due to the fact that the infarction does not extend to the super- 
ficial muscle layers (Case 5), or lateral infarction may be located close to the 
base of the heart so that the usual leads from the left side of the chest do not tap 
the area of injury, but tap undamaged parts of the myocardium. This ap- 
parently happened in some of the cases of high lateral infarction recently pub- 
lished by Wilson and associates,? which showed depression of S-T in leads from 
the left of the precordium (Figs. 1, 3, and 4). 
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Depression of S-T in limb and chest leads is sometimes observed in cases of 
anterior wall infarction prior to the development of the typical electrocardio- 
graphic pattern which shows upward displacement of the S-T segment. In 
such instances depression of S-T, according to Wolferth and associates,’ reflects 
a state of partial deprivation of blood supply prior to complete occlusion. In- 
jury then probably is confined to subendocardial muscle portions. Fig. 7, A, 
of our Case 7 presents an unusual combination of signs of incomplete and com- 
plete occlusion. There is depression of S-T in limb and chest leads. This corre- 
sponds to a history of premonitory pain which preceded for two weeks the severe 
coronary attack. Depression of S-T is accompanied by unusually high T waves, 
such as are often observed in the earliest stage of coronary occlusion and which 
are equivalent to elevation of S-T, indicating injury of the subepicardial muscle 
layers.'° In a tracing taken eighteen hours after the onset of the coronary 
attack (Fig. 7, B), depression of S-T is replaced by elevation, and the character- 
istic ORS changes of anterior wall infarction make their appearance. 


SUMMARY 


Reciprocal deviations of S-T in chest leads from right- and left-side positions 
occur in clinical cases of anterior wall infarction. They conform to changes ob- 
served in experimentally produced ischemia of the heart muscle. 

When myocardial infarction is of anteroseptal location, elevation of S-T in 
leads from the right side of the precordium may be accompanied by depression 
of S-T in chest leads from the left side. Then Lead I may also show depression 
of S-T, and the resulting features may resemble those sometimes seen in the 
presence of lateral wall infarction. 

When myocardial infarction is of lateral location, elevation of S-T in leads 
from the left side of the precordium may be associated with depression of S-T 
in leads from the right side. However, when infarction fails to include the super- 
ficial muscle layers, or when it is located close to the base of the heart, depression 
instead of elevation of S-T may be present in leads from the left side of the pre- 
cordium at the customary level. 

There is great variability in the deviations of S-T in limb and chest leads 
in clinical cases of myocardial infarction. One determining factor is the site and 
extension of infarction. Another important factor is that the the chest leads, unlike 
direct leads used in the experimental animal, record changes of potential from 
a far greater area than that covered by an electrode placed directly upon the 
myocardium, that is, from an area which may include damaged and undamaged 
myocardium. Thus, positive and negative changes of potential may be mixed 
and the resultant deviation of S-T will depend on whether the positive or nega- 
tive potential variation prevails. Therefore, reciprocal deviations of S-T in 
the chest leads are not invariably observed with anteroseptal or lateral wall 
infarction. Also, in limb leads, in the presence of anterior wall infarction, ele- 
vation of S-T may be inconspicuous in Lead I while marked depression of S-T 
is noted in Leads II and III. On the other hand, in infarction of posterior site, 
positive and negative changes in S-T potential which originate in damaged and 
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undamaged parts of the posterior wall may neutralize each other. Thus, Lead 
III may show no deviation of S-T, while marked depression of S-T is present 
in Lead I. 


Nm 


11. 
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SPINAL NERVE ROOT PAIN (RADICULITIS) SIMULATING 
CORONARY OCCLUSION: A COMMON SYNDROME 


Davip Davis, M.D. 
Boston, Mass. 


HE purpose of this report is to call attention to the syndrome of dorsal 

spine radiculitis with acute attacks of anterior chest pain, simulating and 
often mistaken for coronary artery disease. 

In most instances, angina pectoris does not present a diagnostic problem. 
The relation of the chest pain to effort is generally constant from the onset of 
the illness, and the attacks can be precipitated fairly regularly by exercise toler- 
ance tests under standard conditions. Likewise, in coronary thrombosis with 
infarction, the clinical picture and electrocardiographic changes leave little 
doubt in the vast majority of cases. In contrast to this, coronary disease is 
often first manifested by attacks of prolonged substernal or precordial pain 
without relation to effort or subsequent evidence of infarction. An accurate 


diagnosis is very important, for such attacks are frequently followed by coronary 


occlusion or sudden death. 

Every internist and general practitiorter will recall cases in which the clinical 
picture was apparently coronary disease, but where such a diagnosis left ques- 
tions and doubts. Several years ago, | was able to establish a convincing diag- 
nosis of radiculitis in a few cases of this kind and this led me at least to consider 
the possibility in similar situations. As a result, the syndrome was found to be 
surprisingly common. 

The following case reports are ten of a group of fifty-six patients under 
observation during the year 1946 for this condition. It will be noted that these 
patients had chest pain characteristic of coronary disease. It occurred in the 
form of attacks, often confined to the substernal or precordial regions. The pain 
was frequently severe, prolonged, and described as a pressure sensation, a heavi- 
ness, a viselike constriction, or an expanding discomfort. It often radiated to 
the left upper extremity and, at times, to the neck, where it was felt as a choking 
sensation. Occasionally, it radiated to the jaw, and in a few instances severe 
attacks were accompanied by pallor and excessive perspiring. Several patients 
also compla‘ned of a peculiar respiratory distress. 

But, in addition to the symptoms suggesting coronary disease, other char- 
acteristics of the radicular syndrome were often present: attacks occurred (1) 
in bed at night; (2) after certain movements of the spine, such as bending, turn- 
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ing from side to side, or getting out of bed; and (3) after such acts as coughing, 
sneezing, or straining at stool. It was also associated with other postures such 
as prolonged sitting and relieved when these postures were altered. These facts 
were most often not volunteered; the patient had to be questioned carefully 
with this in mind, and sometimes significant information was obtained only 
after the circumstances of subsequent attacks were observed. 


Even when the cardinal characteristics of this syndome were present, and 
they were not present in every case, the diagnosis was based on additional data. 
The most important, diagnostically, was the reproduction of attacks by the 
application of pressure over the dorsal vertebrae. Such attacks, although short 
in duration, could be reproduced in many patients with recently acute symptoms 
and the induced pain had the location, distribution, and character of the spon- 
taneous attacks. Other signs, such as poor posture, spasm of the posterior cervi- 
cal muscles, and tenderness in the region of the costochondral junctions of ribs 
and sternum, were present in many patients. Finally, the diagnosis was con- 
firmed in some by the striking response to therapy consisting of postural correc- 
tion, bed boards, exercises, and, particularly, manipulation and traction of the 
cervicodorsal spine. 


Case 1.—W. C., a 51-year-old male executive, was seen in consultation the evening of Nov. 
29, 1944, for what appeared to be an attack of coronary thrombosis. Earlier that day, while 
sitting in his office, he developed severe chest pain located substernally and just to the left of 
the sternum, where it was most intense. It was viselike in character and did not radiate. He 
felt as though ‘‘a weight was compressing his chest."”. The pain persisted for two and one-half 
hours before he obtained appreciable relief. His associate noted he was “‘white as a sheet,’’ and 
that he perspired profusely. He was helped home, seen by his physician, and given morphine. 
Later, he recalled that while resting in a chair during the attack, he could relieve the pain some- 
what by bending a little forward. After getting into bed, he noted that lying on his left side 
regularly increased the severity of the pain. 

Three weeks before this attack, he had first begun to have pain of a similar character, but 
milder and of shorter duration. It usually started in the lower axillary region on both sides, 
squeezed him as in a vise, then localized in the substernal area. He had had approximately 
twelve attacks of this kind, lasting from thirty to ninety minutes, and in the last few days they 
had become more frequent and severe. They were not precipitated by walking, but once started, 
exertion definitely aggravated the pain. Two or three attacks awakened him from sleep, but 
most of them occurred during the day, most often when in a sitting position. His past history 
was irrelevant. 

Physical examination several hours after the onset of his recent attack found him sitting 
up in bed, anxious but not uncomfortable. He still complained of mild substernal distress. The 
heart was not enlarged by percussion. Action was slow and regular. There were no significant 
murmurs. Lung bases were clear. Blood pressure was 170/110. Routine examination of the 
spine showed a moderate dorsal kyphosis. Pressure over the seventh cervical and first and second 
dorsal vertebrae produced marked local tenderness and agonizing substernal pain of the character 
and distribution noted in the attack described. He was unmistakably angry and annoyed by the 
procedure. Even light pressure produced viselike pain and substernal distress. 

An electrocardiogram taken later was within normal limits, except for slight left axis devia- 
tion. X-rays of the cervical and dorsal spines showed the changes of advanced osteoarthritis, 
with narrowing of the intervertebral foramina of the third and fourth dorsal vertebrae. Ortho- 
pedic treatment was advised and, when seen six months later, he stated that severe attacks had 
not recurred and that mild pain was present on only three occasions. 
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Case 2.—F. W., a 64-year-old dentist, was first examined Jan. 13, 1945. He gave a history 
of two attacks of prolonged substernal pain. The first, five years before, was accompanied by 
weakness and persisted for several hours. The second, two months before, was similar, and 
apparently was associated with a slight fall in blood pressure. A diagnosis of coronary throm- 
bosis was made on each occasion. Three electrocardiograms, however, taken within a few weeks 
after the second attack were, to the patient’s knowledge, within normal limits. His past history 
was unimportant except for frequent attacks of gout over a period of fifteen years. 

Physical examination showed large, gouty tophi on both ear lobes. The heart was not en- 
larged. Sounds were slow and regular. There was a slight systolic murmur over the midsternum. 
Lungs were clear. Blood pressure was 175/110. There was moderate to marked kyphosis of the 
upper dorsal spine. An electrocardiogram showed slightly diminished voltage of the QRS com- 
plexes in the first three leads, and slight elevation of the S-T interval in Lead CR. 

Two months later, he complained of pain in the region of the dorsal spine, radiating to both 
sides of his chest and worse at night. It was relieved by keeping his spine erect and his shoulders 
back, and aggravated by bending forward. There was exquisite tenderness over the tenth dorsal 
vertebra, and light pressure reproduced similar pain with radiation as far as the anterior axillary 
line on each side. Blood pressure was 160/90. He was put on full doses of colchicine, and advised 
to put boards under his mattress. X-ray of the cervical and dorsal spines showed the changes 
of advanced hypertrophic arthritis. 

He returned nine days later, complaining of an attack of severe anterior chest pain the night 
before while sitting in a theater. It began in the dorsal region of the back and radiated around 
to the anterior chest where it was felt as a squeezing pressure pain. He immediately recognized 
it as the kind of distress he had experienced five years before. It was more severe than his previous 
attacks, and morphine was necessary for relief. Examination of the heart was not remarkable. 
Moderate pressure with the thumb over the sixth and seventh dorsal vertebrae precipitated 
severe pain that radiated from this point around the chest wall to the substernal region. This, he 
maintained, was exactly what he had had five years before. The pain was elicited with difficulty 
when he stood very erect or hyperextended his cervicodorsal spine. 

The response to orthopedic treatment was prompt, and during the next year chest pain did 
not recur. 

Case 3.—M. F., a 51-year-old retail store owner, was first seen on March 3, 1943, for an 
evaluation of his cardiac condition. Five years before, he developed severe substernal pain one 
evening in the course of walking home in a snow storm. It forced him to stop, and he was ap- 
parently relieved by resting. Ten minutes later, a second attack forced him to stop. This time 
the pain radiated to the left arm. Shortly after getting into bed that evening, he developed 
severe pain that persisted for fifteen minutes. The pain had the character of a ‘‘cramp” and, with 
it, there was a breathing difficulty described as an inability to breathe or to take a deep breath. 
He sat up straight in bed and found that this position gave some relief. A few days later, a well- 
known cardiologist made a diagnosis of serious coronary disease. An electrocardiogram was 
normal. 

Further history revealed short attacks of substernal distress of a similar character on stoop- 
ing or bending forward over a period of fifteen years. These had become progressively worse 
during the three years preceding the diagnosis of heart disease. The pain, also described as a 
“crampy” feeling, occasionally radiated to the left arm and was always quickly relieved by 
standing up straight. He had had similar attacks in the course of walking and after prolonged 
sitting, as in playing cards. Physical examination and an electrocardiogram were normal. Blood 
pressure was 130/80. 

During the following winter months he had two attacks of substernal tightening during 
long walks that followed large meals. These were immediately relieved by stopping. Questioning 
now brought out the fact that when he stopped, he immediately ‘straightened up” and threw his 
shoulders back. He attributed the relief obtained to this act rather than to rest, and maintained 
that the attacks in the course of walking just prior to the diagnosis of coronary disease were also 
relieved in this same manner. 
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Bed boards were recommended and many months later he reported that ‘cramplike” anterior 
chest pain occurred occasionally on stooping, but less frequently than prior to the use of bed 
boards. Now, eight years after the diagnosis of heart disease, physical examination and an 
electrocardiogram have remained normal. X-rays of the cervical and dorsal spines show the 
changes of advanced hypertrophic arthritis. 

Case 4.—C. E., a 50-year-old man, was first seen Dec. 7, 1939, for an attack of what ap- 
peared to be coronary thrombosis. He was awakened the night before by agonizing substernal 
pain that persisted for several hours and was relieved only by repeated injections of morphine. 
Examination of the heart and an electrocardiogram weie normal, and during the next few days 
there was no rise in temperature or leucocytosis. His spine was not examined. He was kept in 
bed and treated for coronary disease. I saw him on two other occasions during the next few 
months because of epigastric distress unrelated to eating, but apparently relieved by soda. X-rays 
of his gastrointestinal tract and gallbladder were negative. 

Six years later, while sitting at a meeting, he developed a second attack of excruciating 
substernal and precordial pain. It was accompanied by marked weakness, nausea, and profuse 
perspiration. As he was helped toa nearby physician, his symptoms became worse and he vomited 
several times. A diagnosis of coronary thrombosis was made; morphine was administered. This 
only dulled his pain which continued throughout that evening and the following night. In bed, 
the pain was aggravated by moving about. His own family physician saw him that evening 
and the next morning, and he considered the diagnosis of coronary thrombosis to be unquestioned. 
His blood pressure had fallen slightly from 125/80 the evening before to 100/70 the next morning. 
His temperature was slightly elevated. 

When I saw him he had just been to the bathroom, and, when questioned, said that his chest 
pain was less marked while out of bed than it had been during the night. He was lying on his 
side, his face distorted with pain. Examination of his heart and lungs was normal. When we 
offered to help him sit up, he refused, saying he had had a bad back for thirty years and could 
do it with less discomfort himself. Rotation of the head on the neck was restricted on both sides. 
The dorsal spine, from the second to the eighth vertebrae, was extremely sensitive to light touch. 
Slight pressure caused him to wince. When moderate pressure was applied over the region of 
the third and fourth dorsal vertebrae, he suddenly slumped forward in a state of near-collapse. 
When questioned a little later, he complained of severe pain in the region of the precordium and 
the suprasternal notch, and begged not to have it repeated. As he sat slumped forward, motion- 
less and faint, he also complained of nausea. After resting a few minutes, the procedure was 
repeated with lighter pressure, and also caused referred pain to the neck and precordium. There 
was marked tenderness in the region of the costochondral junctions of the third and fourth ribs 
anteriorly. An electrocardiogram taken later that day was normal. 

With the question of heart disease eliminated, he refused orthopedic treatment. Eight 
months later, he reported no recurrence of severe attacks although fully active. 

Case 5.—L. B., a 54-year-old housewife, was first seen March 19, 1946, complaining of 
attacks of severe substernal and anterior left chest pain of three years’ duration. ‘They occurred 
most often at night, forcing her to sit up or walk about. The pain usually started in the mid- 
dorsal region of the chest posteriorly, moved around the left breast and up under the sternum, 
causing substernal pressure and a choking or lump sensation in the neck. Less frequently, it 
started in the substernal region and radiated to both jaws, where it was felt as a numbness as 
well as pain. She often exclaimed, ‘‘My face feels paralyzed!” At times there was radiation 
down the left arm to the elbow. During attacks there was marked hyperesthesia over the pre- 
cordium and she often held up her left breast to avoid its pressure against the chest wall. Cough- 
ing or sneezing caused a burning pain across the base of her neck. Attacks often lasted one 
hour, occasionally several hours. They were less frequent during the day and usually occurred 
when in a sitting or bent-over position. Walking about or straightening up regularly gave relief. 
On three or four occasions in the past two years, she had attacks in the course of walking fast or 
climbing stairs: these were relieved by stopping. She averaged three severe attacks a week. 
There was no dispnea on exertion. During the past three years, she had been seen by several 
internists who thought her pain was of cardiac origin. 
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Physical examination of the heart showed no enlargement. The heart sounds were slow, 
regular, and of good quality. There was a slight systolic murmur at the apex. The blood pressure 
was 180/100. The electrocardiogram was within normal limits. A seven-foot roentgenogram 
showed slight enlargement of the left ventricle. 

Examination of the spine showed a markedly increased dorsal curve. Motion of the neck 
was restricted in all directions. Coughing caused pain at the base of the neck. Slight pressure 
over the second and fourth dorsal spinous processes produced exquisite pain in the substernal 
region similar to that experienced in previous attacks. It was immediately felt in the midsternal 
region, under the left breast, in the throat region, and along the left jaw as high as the temporo- 
mandibular joint. Substernally, it felt like a constriction. Slight pounding over the second or 
third dorsal vertebrae produced a sharp pain which stabbed from the back straight through to 
the sternum and from there up to the neck, the left jaw, and frontoparietal aspect of the head. 

She was referred to an orthopedist. He noted that hyperextension of the dorsal spine at the 
level of the sixth dorsal vertebra caused radicular pain referred to the left costal margin. Fol- 
lowing traction and hyperextension exercises, there was dramatic improvement. 


Case 6.—J. B., a 37-year-old business executive, was first seen April 1, 1946. He had had 
approximately eight attacks of severe, sharp anterior left chest pain during the past year, un- 
related to effort or meals, and usually lasting but a few minutes. Two or three attacks occurred 
during sleep. The morning of the day of examination he was awakened by an “‘agonizing”’ attack. 
The pain was sharp, localized below the left nipple, and persisted for fifteen minutes with varying 
intensity. During the attack he did not move and was unable to take a deep breath. He felt 
he was suffocating, and at moments his breathing became rapid and gasping. Automatically, 
he assumed a slightly bent-forward position, his left shoulder drawn down toward the left chest. 
This gave some relief. There was no substernal pain, no radiation to the extremities. This 
attack was more severe than previous ones, and the first to alarm him. On driving to the office, 
he noted that laughing provoked the same pain. 

Physical examination of the heart was normal. There was muscle spasm in the left cervical 
area, and rotation of the neck was markedly restricted to the right. Pressure over the seventh 
cervical spinous process regularly precipitated pain, localized to a small area just within the left 
nipple. With it there was respiratory distress. These symptoms were of the character described 
in his severe attack. 

An electrocardiogram with standard chest leads was entirely within normal limits. X-ray 
examination of the cervicodorsal spine showed hypertrophic changes, straightening of the cervical 
spine, slightly increased dorsal kyphosis, narrowing of the interspaces, and scoliosis to the left 
in the dorsal region. 

Orthopedic treatment quickly relieved his acute condition. During the past nine months 
there has been no recurrence. 


Cast 7.—I. B., a 36-year-old man, was seen on April 20, 1946, complaining of severe sub- 
sternal and left chest pain of five weeks’ duration. The pain started in the lower interscapular 
region and radiated to the midsternum and precordium. It often awoke him at night and was 
present in the morning just after getting out of bed. Recently, however, instead of wearing off 
in the morning, as before, it recurred intermittently during the day. The night attacks had also 
become more pronounced. Pain was brought on or aggravated by bending, prolonged sitting, 
taking deep breaths, coughing, or excessive talking. 

A week before, he had a severe attack after lifting a rubbish barrel. It started asa ‘‘cramp” 
between his shoulder blades which ‘‘settled out” in the anterior midchest region and persisted 
for ten minutes. Two days later, it recurred with greater severity while out walking. He was 
unable to continue. After some time he slowly made his way back to the office. His secretary 
told him he looked pale and very sick. He was unable to breathe and felt his “wind was cut off.”’ 
He noted he was gasping for breath. This respiratory disturbance and mild substernal pain con- 
tinued intermittently for four or five hours. 

Physical examination showed no cardiac enlargement, slow regular sounds, and no murmurs. 
Blood pressure was 130/90. There was marked spasm of the posterior cervical muscles with 
limitation of head rotation bilaterally and a moderate kyphosis of the upper dorsal spine. Firm 
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pressure with the thumb over the seventh and eighth dorsal vertebrae caused local tenderness 
and reproduced substernal and precordial distress of the character noted in his spontaneous 
attack. With the application of pressure and the onset of chest pain, his breathing became rapid 
and shallow; and he complained, ‘It knocks the wind out of me.’”’ An electrocardiogram with 
standard chest leads was within normal limits. 

The response to orthopedic treatment consisting of manipulation and traction was dramatic, 
and after the first week of treatment there was a complete disappearance of symptoms which 
have not recurred up to now, nine months later. 


Case 8.—E. T., a 42-year-old housewife, was seen April 20, 1946, complaining of attacks 
of severe sharp pain in the region of the left breast and ‘“‘shortness of breath” of three months’ 
duration. Her family physician thought she had serious coronary disease. The pain started 
under the breast, and most often radiated to the left shoulder and inner side of the left arm. 
She had had approximately twelve attacks in this period, varying in duration from ten to fifteen 
minutes. Most occurred when she was lying in bed. Three or four occurred in the course of 
walking and forced her to stop. Bending forward gave definite relief on each occasion. She 
volunteered that walking, especially with bundles, precipitated attacks. During most of these 
attacks, her breathing became shallow; she “didn’t dare take a deep breath.’’ Coughing, sneezing, 
and sighing did not precipitate or aggravate the pain. 

Physical examination of the heart was not remarkable. There was no enlargement. At the 
apex there was a slight, localized systolic murmur. The lungs were clear. There was tenderness 
and muscle spasm in the left cervical area and marked limitation of neck rotation to the right. 
Moderate pressure over the sixth to eighth dorsal spinous processes produced acute pain three or 
four cm. to the left of the sternum in the fifth and sixth intercostal spaces. As she winced with 
pain, she panted and said, ‘‘My breath is cut off.'"’ The chest pain and dyspnea were of the same 
character as that noted in the spontaneous attacks. An electrocardiogram with standard chest 
leads was normal. 

This patient refused orthopedic treatment. 
she still has recurring attacks, although less frequently. 


Her family physician, six months latter, stated 


Case 9.—C. C., a 63-year-old ship-model builder, was seen May 18, 1946, complaining of 
upper substernal pain and respiratory difficulty of two weeks’ duration. He described it as a 
squeezing, pulling, and at times gnawing sensation that was also felt a little to the right of the 
sternum, At times it persisted for hours. It was precipitated or aggravated by certain types of 
physical exertion, particularly after eating, but did not occur in the course of walking. Asso- 
ciated with it was an inability to take a deep breath and ‘fill out my lungs.’’ Three days 
before, while digging in the garden, as he stooped to lift out a bush he was seized by a severe 
“gripping” upper substernal pain. He was forced to sit down, unable to move. After twenty 
minutes, the pain subsided, but it did not entirely disappear. 

Three months before, while lying in bed on his right side, he tried to turn over and was 
seized by the same gripping pain. It felt as though somebody was “pulling the insides out of 
me.”” Changing back to his original position, the pain subsided. He had had approximately 
fifteen such attacks during the past month. He also experienced mild pain in the left arm on 
awakening in the morning, and midsternal and precordial distress when weeding in the garden. 

Physical examination showed a tall man with a narrow chest. The heart was normal. The 
liver was felt two fingers’ breadth below the costal margin with deep inspiration. Blood pressure 
was 130/70. An electrocardiogram was normal. During the examination, he developed upper 
substernal pain. Hyperextension of the spine immediately relieved it. When the natural kyphotic 
position was again resumed, the pain recurred. Hyperextension again gave relief. There was 
no local tenderness nor referred pain after firm pressure over the dorsal vertebrae. 

He was seen again ten days later because of an attack of the same respiratory distress, 
unassociated with chest pain, following prolonged sitting. The lungs were clear. 

While attacks were not reproduced in this patient by pressure over the dorsal spine, the 
characteristic history and the unmistakable relief obtained by hyperextension during a spontaneous 


attack established the diagnosis. 
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Case 10.—B. R., a 50-year-old housewife, was first seen Aug. 23, 1946, complaining of 
“shortness of breath’’ and attacks of severe chest pain of two years’ duration. She had been 
under observation for marked hypertension for several years, and five years before, had an attack 
of prolonged left chest pain. This was considered to be of coronary origin by a well-known cardi- 
ologist, and her attacks during the past two years were ascribed to the same condition. Most of 
them occurred at night, and were often associated with respiratory distress. The pain was de- 
scribed as a dull ache. It usually started posteriorly along the inner aspect of the scapula and 
radiated anteriorly to the neck and around the left breast, localizing over a small area within the 
left nipple line. The attacks usually lasted ten or fifteen minutes. Soon after the onset she 
was “unable to breathe’ and could not take a deep breath. At times she gasped in an effort to 
obtain more air. At the start of each attack, she sat straight up in bed, arched her shoulders 
back, and at times exercised her arms to obtain relief. She belched a great deal and this usually 
led to hiccough, which continued for a few minutes until the pain subsided. She had had a few 
attacks in the course of walking and climbing hills. 

During the past two years she was constantly troubled by posterior neck pain and occipital 
headache. She also had mild substernal pain on getting out of bed in the morning. She com- 
plained of being ‘‘stiff all over,”” and regularly took a hot bath each morning to relieve her joint 
symptoms. 

Physical examination showed marked limitations of neck rotation to the left. The heart 
was slightly enlarged by percussion. The first sound was accentuated, and there was a slight 
systolic murmur at the apex, a moderately loud systolic at the base, and an early aortic diastolic 
murmur along the left border of the sternum. Blood pressure was 240/120. The lung bases were 
clear. There was slight scoliosis of the dorsal spine to the left with slight angulation at the level 
of the fourth dorsal vertebra. To the left of this region there was muscle spasm, and pressure 
at this point of angulation produced wincing pain anteriorly in the region of the third left rib 
and parasternal line. A similar, but less severe, pain was produced by light pounding with the 
fist over the second to seventh dorsal vertebrae. With the onset of pain in each instance, respira- 
tion became rapid, shallow, and gasping. An electrocardiogram showed no deviation from the 
normal. X-rays of the cervical and dorsal spines showed hypertrophic arthritis. 

She was later seen by an orthopedist who noted, in addition to the preceding, a slight limp, 
a pelvic tilt with the right iliac crest higher than the left, scoliosis in the lumbar area to the right 
with compensatory scoliosis in the dorsal spine to the left, producing slight angulation at the 
level of the fourth vertebra. The left lower extremity was three-fourths of an inch shorter than 
the right. Orthopedic treatment consisting of heel lift on the left foot, bed beards, cervical 
traction and manipulation, and moist heat gave immediate partial relief. After a few weeks of 
treatment, pain was almost completely abolished. At the time of writing, seven months later, 
she is active with only mild discomfort on rare occasions. 


DISCUSSION 


The literature on dorsal spine radiculitis is meager. In 1927, Phillips! called 
attention to the importance of examining the spine in the presence of thoracic 
and abdominal pain and showed that pain of this origin could be mistaken for 
angina pectoris, gallbladder, and kidney disease. He noted the occurrence of 
points of tenderness lateral to the sternum and in the axilla. The following year, 
Gunther? gave a comprehensive description of the dorsal radicular syndrome, 
and with Kerr* and Sampson,‘ he analyzed the symptoms in fifty patients whose 
chief complaint was chest pain. It was bilateral in most instances, and a com- 
mon zone was over the heart with radiation to the back and left upper extremity. 
The onset was mild in their cases, and although pain might appear abruptly, 
it did not have the crushing or tearing qualities that prevented other activities. 
They stressed the bothersome, nagging character of the pain, which was ag- 


DAVIS: SPINAL NERVE ROOT PAIN SIMULATING CORONARY OCCLUSION 77 


gravated by certain positions and movements of the spine and never severe 
enough to require opiates. They maintained further that radiat on did not occur 
from the precordium directly to the side of the neck, to the occiput, or to the 
jaw in any instance and that no autonomic nervous phenomena, such as saliva- 
tion or sweating, occurred. They were obviously describing the milder form of 
the syndrome and not the type of case reported here that so strikingly resembles 
coronary disease. 

In 1934, Nachlas® considered the radicular syndrome and presented three 
case reports, two of which simulated heart disease. One patient who had been 
kept in bed for severe precordial pain was promptly relieved by traction. Two 
years later, Hanflig® reported five cases of osteoarthritis of the spine with shoulder 
girdle pain of radicular origin. One of his patients also had substernal and pre- 
cordial pain relieved by traction. In 1942, Kelly’ summarized the clinical fea- 
tures in forty cases with chronic cervical arthritis. Eight of these had chest 
pain characterized as pseudoanginal. In the same year, Smith and Kountz? re- 
ported four cases with anginoid pain due to spinal deformities and arthritis, 
and in two of these the pain was described as a substernal oppression. The 
syndrome was discussed again in 1943 by Hanflig* and by Martin.!° 

The occurrence of substernal pain as a result of sensory nerve root irritations 
is understandable, for the pain in coronary disease and radiculitis are both 
referred from the skin along the same path. In the former, according to theory, 
there is an irritable focus in the cord; in the latter, in the nerve root itself. It is, 
therefore, not surprising that the pain of radiculitis has the location, distribution, 
and characteristics of true coronary pain. In the cases reported, this pain was 
often substernal or precordial in location and was most often described as an 
oppressive, viselike, constricting pain. 

The segmental distribution of the spinal nerves has been established and 
mapped out by various workers, and the roots generally involved in chest pain 
are the second to seventh dorsal. It will be recalled that when symptoms were 
reproduced by pressure over a given vertebra in the cases reported, the pain did 
not necessarily correspond with the segmental distribution of that root. This is 
explained by the fact that pressure over one region of the spine can exert nerve 
root irritation at some distance from this region. Pain over the precordium, 
corresponding to the fourth dorsal root, for example, could be elicited in one 
patient (Case 10) by pressure at any point from the second to the seventh dorsal 
vertebrae. 

Many of these patients also had marked tenderness in the region of the 
costochondral junctions, particularly of the second to fifth left ribs. It fre- 
quently persisted long after acute symptoms had disappeared spontaneously or 
after orthopedic treatment. In several instances, it was reduced or temporarily 
abolished in the course of traction applied to the cervical spine." This sign is 
common in patients with generalized hypertrophic arthritis and joint symptoms 
of the extremities. It was found in several patients with symptoms of cervical 
radiculitis who did not have chest pain at that time. 

A close relationship between arthritis of the spine and radicular symptoms 
has been pointed out by several authors.?-*: "-"* Smith and Kountz also stressed 
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the role of postural defects, and maintained that they were more significant 
than the roentgenogram findings of osteoarthritis. They called attention to 
straightening, stiffening, and kyphosis with markedly decreased movement of 
the spine. Many of the patients reported here also had postural changes and 
several had an old history of low back syndromes. 

In addition to chest pain, many of the patients had symptoms of cervical 
radiculitis. This is not unexpected, for osteoarthritis of the spine is usually 
generalized, and a postural strain at one point is not infrequently transmitted 
to another. Cervical symptoms, therefore, should at least alert us to the possi- 
bility of simultaneous involvement of the dorsal roots. Kelly stressed the 
occurrence of two less commonly appreciated symptoms of this syndrome, 
namely, suboccipital headache and vertigo. One patient with chest pain also 
had incapacitating attacks of vertigo that were immediately relieved by manipu- 
lation and traction. The presence of cervical symptoms led to a reinvestigation 
of the chest pain, which subsequently proved to be of radicular origin. Patients 
with the syndrome frequently have pain and stiffness of the neck, and examina- 
tion reveals muscle spasm* and tenderness with limitation of motion, particu- 
larly on rotation of the head. 

During acute attacks, many patients also complained of a peculiar respira- 
tory difficulty characterized as an inability to take a deep breath. With this 
restriction of respiration, breathing was, at times, rapid and shallow. Inability 
to take a deep breath is a common symptom of an anxiety neurosis and, particu- 
larly when chest pain is atypical, it may easily be mistaken for a psychosomatic 
complaint. With this in mind, patients presented here were studied carefully 
and at length to exclude this possibility. In several of the cases reported, the 
respiratory symptoms were also provoked by pressure over the dorsal spine. Such 
respiratory symptoms may also occur in attacks as the presenting complaint with 
little or no chest pain and be mistaken for attacks of cardiac asthma. One 
patient with repeated attacks suggesting cardiac asthma was seen with Hanflig. 
Within a few days after traction treatment, these symptoms completely dis- 
appeared and have not recurred during the past twelve months. The exact 
mechanism is unknown. It is probable that, as in cervical radiculitis, the motor 
roots are also involved, causing muscle spasm and an inhibition of respiration. 

Coronary disease and hypertrophic arthritis of ‘the spine with radicular 
symptoms may coexist in the same patient, for both are common with advancing 
age. At the present time, I have several patients with angina pectoris, past 
myocardial infarcts, and congestive heart failure, who in addition have had un- 
mistakable symptoms of cervicodorsal radiculitis. Physicians are familiar with 
patients followed for angina pectoris, who from time to time, in addition to 
typical attacks also complain of precordial or substernal distress which is often 
mild, unrelated to effort, and occasionally lasts for long periods of time. In 
some, these symptoms are psychosomatic evidence of anxiety. In others, how- 
ever, they are due to coexisting nerve root irritation. Many patients have 
suffered a great deal because of a false impression that such pain was due to their 


*I am indebted to Dr. George M. Lane for demonstrating muscle spasm in some of these cases. 
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heart disease. On the other hand, it is most important to be alert for manifesta- 
tions of coronary disease in all patients under consideration or treatment for 
radiculitis. This is generally a long illness with acute attacks recurring over a 
period of years, and the possibility of coronary disease is ever present. 

Recognition of dorsal radiculitis is not difficult in most instances if the possi- 
bility is at least considered in differential diagnosis. When the chest pain can 
be reproduced by pressure over the dorsal spine, or by forceful flexion of the 
head, the diagnosis is established. The cases reported were largely selected 
because of such findings. Many patients, however, do not show this sign, par- 
ticularly after the acute phase has subsided. In such patients the history will often 
reveal many characteristics of radiculitis. When most of the attacks have oc- 
curred at night in the reclining position, on bending, or in the course of prolonged 
sitting, the radicular syndrome should be suspected. When the history is less 
suggestive, other orthopedic signs may be present, and the diagnosis can be 
further tested by the therapeutic response. 

A more difficult situation is where, in addition to attacks of severe sub- 
sternal pain, there is also a history of what appears to be atypical angina pec- 
toris. Several patients had chest pain at one time or another in the course of 
walking. A few of these were forced to slow down or stop and the pain appeared 
to be relieved by rest. Such attacks seldom occurred exclusively in the course 
of walking or continuous exertion as in the early stages of angina pectoris. The 
pain was usually of longer duration, and most often did not cease immediately 
when the patient rested. Nevertheless, the tendency was to give false value to a 
history of this kind when major attacks of chest pain simulating coronary disease 
were under consideration. This was probably responsible for the early mistaken 
diagnosis in Case 4. The history in this case indicated that the relief obtained 
after stopping was probably due to the act of hyperextending his spine. This 
response of ‘‘straightening up’’ and throwing the shoulders back, noted in several 
histories, was often carried out unconsciously by the patient in search of a more 
comfortable position. In several instances, relief was immediate and _ striking 


and the response was of diagnostic value. 

The importance of recognizing this syndrome cannot be overemphasized. 
The commonness of the syndrome can be judged by the number of cases seen 
during the year 1946. Most of these patients are thought to have coronary 
disease, their activities are curtailed, and their lives often handicapped by the fear 
of an impending attack. It is the author’s conviction that the syndrome will be 
found to be common if its possibility is entertained in differential diagnosis. 
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EXTRASYSTOLES IN GROUPS 


Davip ScHERF, M.D., NEw York, N. Y., AND 
F. J. Romano, M.D., BUENOs AIRES, ARGENTINA 


WO beats following each other within a short time and separated from the 

next identical group by a longer diastole are ciassified among the allo- 
rhythmias which are called bigeminy or coupled beats. This term, coined prior 
to the electrocardiographic era, includes, however, at least three different dis- 
turbances. First, the succession of groups in which each beat of the basic rhythm 
is followed by a premature contraction; in this instance, the term bigeminy as 
a synonym for coupled rhythm is generally accepted. A second form includes 
examples of an allorhythmia which-was later recognized with the aid of the 
electrocardiograph as due to an auriculoventricular block; a 3:2 block, for in- 
stance. The third disturbance is a rare condition which Wenckebach named 
“true bigeminy.’’7?5 In this type, both beats of each group look alike in the 
electrocardiogram, for they originate in the same focus. 

It is the purpose of this communication to describe rare clinical and experi- 
mental tracings of this third form, showing groups of extrasystoles separated 
from other groups by a longer pause. 


A-V NODAL TACHYCARDIA IN MAN 


We have observed a supraventricular tachycardia with extrasystoles in 
groups in only one instance; this occurred in a 45-year-old woman, who suffered 
from a rheumatic mitral lesion and who had almost daily attacks of paroxysmal 
tachycardia. Carotid sinus pressure easily restored sinus rhythm. 


Fig. 1,4 shows Lead II obtained during a paroxysm. Groups of two beats 
are close together and are separated by a longer interval from the preceding or 
following group. The successive ventricular intervals in Fig. 1,4 measure 0.47, 
0.35, 0.39, 0.35, 0.47, 0.36, 0.42, 0.35, 0.46, 0.36, 0.40, 0.36, 0.47, 0.35, and 0.41 
second. Thus, the difference between the shortest and the longest interval 
amounts to 0.12 second. 

The beginning of Fig. 1,B shows a similar arrhythmia during another attack. 
The intervals measure 0.38, 0.50, 0.42, 0.54, 0.40, 0.52, and 0.40 second. The 
registration of the electrocardiogram was interrupted for a few seconds and then 
started again while carotid pressure was applied. As shown in the second part 
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of Fig. 1,B, carotid pressure stopped the tachycardia immediately. This proves 
that we are dealing with a paroxysmal tachycardia. 

The form of the QRS complexes during the attack differs from that during 
regular sinus rhythm. This is, in our opinion, not the result of changes which 
might be anticipated because of the increased rate, since during the arrhythmia 
the form of the QRS complex following the long and the short diastoles remains 
the same. P waves were never visible in any lead during the tachycardia, even 
in the long diastoles. One must assume, therefore, that the broad, short S wave 
during the tachycardia actually is due to an inverted P wave and that we are 
dealing with a tachycardia originating in the A-V node. 

Fig. 1,C shows an electrocardiogram obtained during another attack, which 
was also abolished by carotid pressure. This time, however, the rhythm was 
regular. The successive cycles during the attack measure 0.38, 0.40, 0.40, 0.40, 
0.38, 0.39, 0.40, 0.40, and 0.40 second. Regular tachycardias and tachycardias 
with group formation appeared often and in an unpredictable manner. 


VENTRICULAR TACHYCARDIA 


Clinical Observations.—Fig. 2,A shows tracings of Lead III obtained from a 
patient with a ventricular tachycardia of the type which Gallavardin designated 
as “extrasystolie a paroxysms tachycardiques.”’ A more detailed description of 
the clinical features of this case has been reported elsewhere.” In Fig. 2,A, 
groups of two ventricular extrasystoles showing the same form and separated 
from other similar groups by a longer pause are clearly visible. Occasionally, 
simple bigeminy appeared; often during attacks of ventricular tachycardia not 
only the form but also the rhythm alternated, and, occasionally during the 
attacks, a regular rhythm was observed without any change in form of the QRS 
complexes. The successive ventricular intervals in Fig. 2,A measure 0.44, 0.49, 
0.94, 0.48, 0.92, 0.48, 0.92, 0.48, 0.52, 0.46, 0.87, 0.44, and 0.45 second. 

In these groups, which often appeared spontaneously, the long diastole 
separating each group measured exactly twice the length of the interval between 
two extrasystoles which were close together. Thus, the possibility of a rapidly 
working ventricular center with exit block had to be considered, and one was 
inclined to assume that periodically one stimulus formed by the extrasystolic 
center was not conducted to the ventricle. 

The extrasystoles of this patient were always abolished temporarily by 
quinine and quinidine. Fig. 2, B, C, and D shows three strips of tracings in Lead 
III which were obtained immediately after the intravenous injection of 0.4 Gm. 
of quinine bihydrochloride. Between the tracings B and C, as well as between 
C and D, strips with about twenty contractions are omitted. 

The beginning of Fig. 2,B shows the tachycardia with alternating forms of 
ventricular complexes and an alternation of the length of diastole, the usual type 
of arrhythmia found in this patient during several years of observation. The 
tachycardia ended suddenly about thirty seconds after the injection (middle of 
Fig. 2,B). One bigeminal group appears with a ventricular extrasystole coupled 
to a normal sinus beat. From then on groups of two abnormal beats appear, 
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separated from each other by a long interval, and only occasionally is a su- 
praventricular beat interposed. The successive diastoles in Fig. 2,B measure 
0.42, 0.56, 0.42, 0.52, 0.42, 0.56, 0.40, 0.56, 0.42, 0.86, 0.38, 1.04, 0.46, 1.02, 0.44, 
(0.60, and 0.44 seconds. The intervalsin Fig. 2,C are 0.44, 0.72, 0.46, 0.80, 0.44, 
1.01, 0.46, 1.04, 0.45, 1.08, 0.46, 0.80, 0.44, 0.78, 0.44, and 1.06 seconds. 

The same rhythm is registered in Fig. 2,D when a sinus rhythm suddenly 
appeared. The intervals measure 0.44, 0.74, 0.44, 0.82, 0.44, 0.76, 0.46, 0.76, 
(0.48, 0.76, 0.48, 0.80, 0.85, 0.74, 0.60, and 0.62 second. 

Accordingly, in this patient group formation was spontaneous during attacks 
of ventricular tachycardia and appeared when the administration of quinine 
changed the rhythm from a ventricular tachycardia to a normal sinus rhythm. 


Experimental Observations.—Similar tracings were seen in experiments on 
dogs and were obtained under a variety of conditions. 


Fig. 3.—Dog experiment, Lead II. A shows the end of a paroxysmal ventricular tachycardia 
caused by application of a 1 per cent solution of barium chloride to the cardiac surface. Stimulation 
of the right sympathetic nerves of the heart causes the tachycardia to reappear (Fig. 3, B); a few seconds 
later, groups of extrasystoles emerge (Fig. 3, C). 


Fig. 3 demonstrates the end of a paroxysmal ventricular tachycardia (Lead 
II) which appeared after brushing a 1 per cent solution of barium chloride on a 
small area of the conus of the right ventricle. This area was about 3.0 mm. in 
diameter.!’ The successive diastoles during the tachycardia measure 0.32, 0.32, 
0.33, 0.33, 0.33, 0.32, 0.34, and 0.35 second, a gradual slowing occurring toward 
the end. The tachycardia is followed by a regular sinus rhythm. Stimulation 
of the cardiac branches of the right sympathetic nerve by means of a strong 


A, | 
B. 
C. 
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faradic current caused the ventricular tachycardia to reappear at a rate of 180 
to 214 beats per minute. The individual diastoles were 0.28 to 0.32 second 
(Fig. 3,B). About 4.5 seconds later, Fig. 3,C was recorded. In this tracing there 
are groups of two abnormai beats with alternating length of the diastoles. The 
intervals in Fig. 3,C, obtained during the tachycardia, measure 0.31, 0.36, 
0.33, 0.39, 0.32, 0.40, 0.34, 0.41, and 0.36 second and the greatest difference 
amounts to 0.1 second. 

A similar disturbance was observed during vagus stimulation. Fig. 4,4 
(Lead II) was registered during another dog experiment in which a 5 per cent 
solution of barium chloride was brushed on the conus of the right ventricle. 
Single ventricular extrasystoles appeared and came so late in diastole that they 
were preceded by normal P waves (beginning of Fig. 4,4). The right vagus in 
the neck was stimulated with a faradic current at the sixth systole in Fig. 4,A, 
as indicated on the tracing by a slight slurring produced by the faradic current. 
With the beginning of this stimulation groups of two or three ventricular extra- 
systoles appear at once'® and they are separated by a longer pause. The suc- 
cessive diastoles in Fig. 4,4 measure 0.41, 0.51, 0.45, 0.51, 0.50, 0.45, 0.41, 0.62, 
0.41, 0.61, 0.44, 0.41, 0.60, 0.46, and 0.40 second. In Fig. 4,B, a continuation 
of Fig. 4,A, the diastoles have the following lengths: 0.44, 0.42, 0.60, 0.49, 0.42, 
0.56, 0.44, 0.42, 0.60, 0.46, 0.40, 0.55, and 0.42 second. The end of the vagus 
stimulation is marked by the disappearance of the alternating current approxi- 
mately in the middle of Fig. 4,B. The extrasystoles soon vanished and regular 
sinus rhythm followed. 

Similar arrhythmias appeared occasionally without stimulation of the car- 
diac nerves when a solution or a few crystals of barium chloride were applied to 
the cardiac surface, or when the solution was injected subepicardially. A regular 
tachycardia always follows the application of sodium chloride solutions!* whereas 
solutions of barium chloride, digitalis, or strophanthin™ often lead to irregular 
tachycardias and the formation of groups. Similar irregular tachycardias follow 
an intravenous injection of barium salts. 

Fig. 5,A shows the electrocardiogram before, and Fig. 5,B, after the appli- 
cation of a 5 per cent solution of barium chloride to the apex of the right ven- 
tricle near the anterior coronary sulcus. The extrasystoles appeared after a latent 
period of eight minutes. Group formation with longer pauses between the groups 
is clearly visible. The successive diastoles in Fig. 5,B have the following lengths: 
0.43, 0.48, 0.61, 0.45, 0.46, 0.53, 0.56, 0.64, 0.47, and 0.49 second. 


About twelve minutes later, the extrasystoles disappeared. Faradic stimu- 
lation of the cardiac branches of the left sympathetic nerve caused at first a 
sinus tachycardia and, after this subsided, a series of extrasystoles appeared 
with fixed coupling (Fig. 5,C), originating in the same focus as the abnormal 
beats of Fig. 5,B. Suddenly, groups of two extrasystoles reappeared, separated 
by a longer pause. The last five cycles in Fig. 5,C measure: 0.42, 0.52, 0.46, 
0.73, and 0.46 second. 


Finally, similar groups were produced by warming the focus of origin of the 
extrasystoles by a thermode. Fig. 6 shows an electrocardiogram which was 
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registered in an experiment in which 0.05 c.c. of Strophosid* was injected sub- 
epicardially on the conus of the right ventricle. Each normal beat was followed ' 
for a time by four extrasystoles. Warming of the area of injection with strict 
avoidance of mechanical irritation led to an acceleration of rate and an increase 
of the number of the extrasystoles. The beginning and the end of the warming 
period is indicated by the short horizontal black lines in Fig. 6. After the warm- 
ing was stopped, the extrasystoles persisted for a few seconds and again groups 
of two extrasystoles, separated by a longer interval, are present. The suc- 
cessive diastoles in the last third of Fig. 6 measure 0.32, 0.34, 0.37, 0.31, 0.39 
0.31, 0.38, 0.32, 0.39, 0.32, 0.38, 0.31, and 0.38 second. 

In this way groups of two or three extrasystoles formed after the application 
of barium chloride to the cardiac surface with and without vagus or sympathetic 
stimulation. The same disturbance of rhythm appeared on warming the focus 
of origin of strophanthin extrasystoles. 


DISCUSSION 


When bifid pulse curves were observed in experimental and clinical tracings, 
the term ‘‘pulsus bigeminus” was applied because it was correctiy assumed that 
these pulses were due to a rapid succession of two systoles, followed by a longer 
pause.***5 The underlying cardiac action was called bigeminy, and for many 
years the phenomenon was not sharply separated from alternating pulse. When 
it was discovered that the intermittent pulse is, in most instances, caused by 
premature contractions or extrasystoles, pulsus bigeminus was explained by the 
appearance of extrasystoles following every beat of the basic rhythm. 

Some authors, however, insisted that pulsus bigeminus was created by a 
different mechanism and had no relationship to extrasystoles.5*7 These authors 
did not regard the term bigeminy as applicable to a disturbance in which some 
beats were due to normal systoles and others to extrasystoles, caused by a pre- 
sumably different mechanism and originating in a different part of the heart. 
It was proposed to reserve the term bigeminy or “‘true’’ bigeminy exclusively for 
cases”? in which both beats were formed in the same way and originated in the 


same focus. 
Lewis agreed that a bigeminy with both beats having the same form in the 


electrocardiogram represented an arrhythmia of a totally different character 
tnan the usual bigeminy of coupled rhythm. But he called the term ‘‘true 
bigeminy” premature, since the evidence for irregular stimulus formaticn in one 
locality was insufficient at that time.’ His proposal to use the term “bigeminy” 
only in the sense of coupling was almost generally accepted.f™ 


The term “true bigeminy” probably will not become popular because it 
“Twin contraction” is merely a 


arose out of the controversy just discussed. 
translation of bigeminy and this term, like that of ‘“‘paired extrasystoles,”’ is not 


*Sandoz Chemical Works, Inc., New York, N. Y. 

tBefore the use of the electrocardiograph, a true bigeminy was differentiated from extrasystoles 
by the absence of a compensatory pause. Subsequently, it was shown that most instances originally 
described as true bigeminy were actually the result of a complete auriculoventricular block with extra- 


systoles. 
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applicable because sometimes more than two abnormal beats follow each other 
directly (Fig. 3). Therefore, ‘extrasystoles in groups’’ seems to us to be the 
best designation for the present. 

Several years ago, we occasionally saw in the v..>erimental animal tracings 
of this kind. In a dog who received barium chloride intravenously in doses too 
small to cause any disturbance of rhythm, warming of a small area of the ven- 
tricular surface with a thermode evoked extrasystoles in groups of two. Both 
beats of each pair looked identical and were separated from each other by a 
diastole of 0.30 second, while the pause between each group measured 0.47 
second.?° A similar distrubance was observed after the administration of aconi- 
tine.!® Here again aconitine, per se, did not cause any change in the electro- 
cardiogram. During faradic vagus stimulation, however, groups of two extra- 
systoles having the same form appeared. The single extrasystoles were separated 
by a diastole of 0.24 second, while the long pause between the groups averaged 
0.64 second. 

Clinically, similar changes in the length of the diastole were observed, es- 
pecially during a paroxysm of auricular tachycardia. These cases were described 
as examples of alternation of the length of diastole, since a short pause was regu- 
larly followed by a long one. In a study on the constancy of rhythm during at- 
tacks of paroxysmal tachycardias, made under the direction of one of us, Mac- 
Kinnon" described the two patients from whom Figs. 1 and 2 were obtained. 
The tracing of one case (Fig. 1) at that time was wrongly interpreted as showing 
a paroxysmal auricular tachycardia. Being interested only in the presence of 
an arrhythmia during the tachycardia, the alternation of cycle length was not 
stressed nor discussed. 

In a series of eight unselected cases of paroxysmal auricular tachycardia, 
differences of the interventricular interval of 0.0358 second only were found with 
an occasional slight tendency to alternation.* Definite alternation of cycle length 
in the auricle in a case of paroxysmal auricular tachycardia was reported by 
Katz," and during auricular flutter by Wilson.2® The alternation of cycle 
length during paroxysmal auricular tachycardia was the subject of a special 
’ study by Barker, Johnston, and Wilson.2. This phenomenon was found in ten 
out of 100 unselected cases of paroxysmal auricular tachycardia. The differences 
in cycle length reached in some instances almost 0.1 second. 

Occasionally, the first beat following an extrasystole shows the same form 
as the extrasystole. This was seen at first by Lewis in auricular extrasystoles." 
If this abnormal beat after the postextrasystolic pause is followed by an extra- 
systole of the same form, the disturbance shown in Fig. 2 appears. This phe- 
nomenon has been observed repeatedly in ventricular extrasystoles,**""!* par- 
ticularly during the administration of digitalis. It was also registered during 
complete auriculoventricular block.” 

The mechanism underlying the appearance of groups of extrasystoles rep- 
resents an unsolved problem. When encountered during a tachycardia, the 
possibility of a circus movement alternately using a path of different length has 
been stressed.2 If found with a slower cardiac activity and isoelectric pauses 
between single groups, another mechanism must be present. The question 
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arises whether both beats are formed in the same manner or whether they are 
due to different types of stimulus formation. The separation of an automatic 
stimulus formation (such as the normal sinus rhythm, some A-V rhythms, or an 
idioventricular rhythm) from abnormal heterogenetic rhythms (such as extra- 
systoles) has been abandoned by Lewis," but is, in our opinion, necessary. Auto- 
matic stimuli are formed ‘‘by themselves”’ while there is no doubt that an extra- 
systole with fixed coupling is related to and caused by the preceding beat. 


It is possible that under certain conditions two or more discharges take place 
in a center, as seen occasionally in a nerve!’ or muscle fiber.!""7 Multiple response 
to a constant stimulus is possible. Double discharges, bigeminy, have been 
registered from the so-called Purkinje fibers under a variety of conditions.*** 
Grouped discharges, ‘‘each group made up of two or more impulses closely 
spaced,’’ were seen in skeletal muscle fibers.! 


Another interpretation of these tracings might be based on the assumption 
that a rapid regular stimulus formation takes place. One of the stimuli is peri- 
odically blocked, so that a longer pause results. In this case the pause caused 
by the blocked beat could measure double the period between the beats, which 
are close together. It could, however, be shorter, if one assumes that one of the 
extrasystoles formed in the center is conducted rapidly to the chamber in which 
the center is situated, another one is conducted with some delay, and the third 
one is blocked. We would have a 3:2 block after the manner of a Wenckebach 
period. This possibility has been considered repeatedly.??° 


With a very rapid stimulus formation, such as is encounteréd in flutter, an 
alternation of the length of the auriculoventricular interval has been observed 
repeatedly in clinical tracings.’ During electric stimulation of the auricles of 
the dog, with high rates, alternation of intra-auricular conduction has appeared." 


Barker, Johnston, and Wilson are inclined to favor a circus movement as 
the cause of auricular paroxysmal tachycardia, and base their position largely 
upon the occurrence of an alternation of cycle length. The authors know ‘‘of no 
published examples of alternation in cycle length, which have been clearly 
shown to depend solely upon the discharge of impulses by a single center.’’ 
The appearance of extrasystoles in groups following the topical administration 
of barium salts (Fig. 5) and of a regular alternation of cycle length on warming 
the point of origin of strophanthin extrasystoles (Fig. 6) speaks against a circus 
movement as the cause of alternation in the tracings reproduced and shows that 
an irregular discharge of stimuli in a center, or a regular stimulus, formation with 
irregular conduction, must be responsible. The latter possibility and a circus 
movement are improbable in those tracings in which the single groups are sepa- 
rated by very long pauses (Fig. 2). 

Our present knowledge of these arrhythmias and of the physiology of stim- 
ulus formation does not permit one to decide whether the underlying mechanism 
is always the same. It is even uncertain whether the alternation of cycle length 
during a tachycardia has the same mechanism as the same phenomenon when 


the heart is slow. 
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SUMMARY 


Instances of alternation of cycle length during an A-V nodal tachycardia 
and during a paroxysmal ventricular tachycardia in man are described. In the 
latter case a similar phenomenon was observed during the change from the tachy- 
cardia to sinus rhythm following an intravenous injection of quinine. 


Application of barium chloride or strophanthin to small areas of the cardiac 
surface of the dog also causes groups of extrasystoles separated by longer pauses. 
These arrhythmias were often elicited during vagus and following sympathetic 
stimulation in these experiments. Finally, the phenomenon was observed dur- 
ing warming of the site of origin of extrasystoles produced by subepicardial in- 
jection of strophanthin. 

Similar cbservations in the literature are discussed. The different mecha- 
nisms which may lead to this disturbance of rhythm are reviewed. Irregular 
stimulus formation in a center is probable: regular stimulus formation with a 
disturbance of conduction from the center to the rest of the heart is possible only 
in some of these tracings. 
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THE USE OF DICUMAROL IN EXPERIMENTAL CORONARY 
OCCLUSION 


THE INEFFECTIVENESS OF DICUMAROL WHEN LIGATION IS THE 
METHOD OF OCCLUSION 


EpWAkD J. Beattie, M.D., ELLiot C. CuTtLer, M.D.,7 MERCIER FauTEux, M.D., 
Tuomas D. Kinney, M.D., AND D. Levine, M.D. 


Boston, MAss. 


NTIL recently the treatment of acute coronary thrombosis has been directed 

generally toward the control of its symptoms or to the prevention or con- 
trol of its complications. By and large it has not been concerned with the under- 
lying pathologic process. However, the successful use of anticoagulant therapy 
in certain other thrombotic or thromboembolic disease states during the last 
few years has stimulated! the trial of a similar approach to the treatment of 
acute coronary thrombosis. In the three clinical reports thus far available, the 


results seemed encouraging. In the first report, Nichol and Page, Jr.,? described 
an 18 per cent mortality in fifty attacks of coronary thrombosis seen in forty- 
four unselected private patients treated with Dicumarol. All of the twenty-six 
patients who were treated in their first attack survived. No mural thrombi 
nor systemic or pulmonary emboli were found in six autopsied cases. In only 
one patient was there clinical evidence of pulmonary embolism and this patient 
had not received an optimal dose of Dicumarol. In the second study,’ a com- 
parison of fifty dicumarolized patients with sixty nondicumarolized patients 
revealed a reduction of embolic phenomena to one-eighth and of mortality rate 
to one-fifth in the former group. In the third investigation, Wright* found an 
11 per cent mortality among forty-three patients treated with Dicumarol. He 
considered this group to have an expected mortality of 60 to 70 per cent from 
such complications as propagation of coronary artery thrombi, formation of 
multiple thrombi, or dissemination of peripheral emboli. Wright also found a 
12 per cent mortality rate among thirty-three patients in their first or second 
uncomplicated attack of coronary thrombosis, in whom he estimated the antici- 
pated death rate as 20 to 30 per cent, but hesitated to conclude that Dicumarol 
was effective in this group. 

The only experimental study of this subject is that of Solandt and Best® who 
found that preliminary heparinization of dogs in large part prevented the artificial 
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production of thrombi in the left coronary artery, as well as the resultant infarct, 
following the introduction of sodium ricinoleate into the lumen of a section of 
the artery and its retention there for a few minutes. The clinical limitations of 
this approach were conceded. We are aware of no experimental investigation 
of the effect of anticoagulant therapy upon coronary thrombosis and myocardial 
infarction once these conditions have been induced.* It seemed worthwhile, 
therefore, to determine the effect upon experimental coronary artery occlusion 
of anticoagulant therapy begun after the thrombotic process had already been 
initiated. This method offered the opportunity to study not only the survival 
rate of treated, as compared with untreated, animals, but also the effect of 
treatment upon the evolution of the electrocardiographic changes and the gross 
and microscopic changes in the heart. 


METHODS 


Experiments were done on forty healthy dogs of both sexes. The dogs 
were anesthetized with intravenous Nembutal (30 mg. per kilogram of body 
weight). The dogs were placed on the left side, the chest shaved, and an electro- 
cardiogram was taken of the three limb leads and one apical precordial lead 
paired with the left limb lead. A rubber endotracheal tube was introduced to 
prevent insufflation of air after the thorax was opened. The left side of the chest 
was opened aseptically, and five to six inches of the fifth rib were resected. Care 
was taken to obtain good hemostasis with fine silk ligatures. The lung was packed 
away with a moistened gauze pack and the ribs spread with a self-retaining 
retractor. The pericardium was opened longitudinally. A point on the descend- 
ing branch of the left coronary artery approximately 3.0 cm. from the orifice 
of the left coronary artery was selected. The exact points of the ligations are 
given in Tables | and II. The epicardium was incised and a segment of the 
descending branch teased free by blunt dissection; the freed vessel was ligated 
with a fine silk ligature. On rare occasions, the vein accompanying the descend- 
ing branch had to be ligated as well as the artery. 

At first, attempts were made to produce thrombosis by crushing the artery. 
In most instances the vessel was observed to be occluded during the operative 
procedure. However, the electrocardiographic changes in these animals were 
minimal and subsequent pathologic studies showed, with two exceptions, normal 
myocardium and patent coronary arteries. In the later experiments ligation was 
used exclusively. 

The pericardium was left open. The chest wall was closed with interrupted 
linen sutures to the pleura and deep muscles, and interrupted silk sutures were 
used for the superficial muscles and skin. No dressing was applied to any of the 
wounds. An electrocardiogram was taken immediately postoperatively. If 
anticoagulant therapy was to be used, Dicumarol, 5.0 mg. per kilogram of body 


*Since this paper was written, Blumgart, H. L., Freedberg, A. S., Zoll, P. M., 


and Lewis, H. D., 


reported on ‘“‘The Effects of Dicumarol in Experimental Acute Coronary Occlusion"’ before the New 
England Heart Association on Feb. 24, 1947. Their method was somewhat different but their con- 


clusions were substantially the same as those reported here. 
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weight, was given by gavage while the animal was still anesthetized. Subse- 
quent daily doses were given in capsules in meat.* 

The prothrombin time was determined daily in the animals receiving Dicu- 
marol. An at empt was made to keep the prothrombin time between 10 and 30 
per cent of the prothrombin time of a normal dog. If the prothrombin time 
was between 10 and 30 per cent, 0 to 2.5 mg. per kilogram of body weight were 
given, depending upon the history of that animal’s response to Dicumarol. 
If the prothrombin time was over 30 per cent, 2.5 to 5.0 mg. per kilogram of 
body weight were given. 

The same difficulty was experienced in keeping the prothrombin times in 
the optimum 10 to 30 per cent range that was found in human patients. To err 
on the radical side, the dogs were kept below a 10 per cent prothrombin time, 
rather thar over 30 per cent. Most of the dogs had prothrombin times under 
30 per cent on the second postoperative day. Due to the use of Dicumarol 
immediately following operation, and perhaps in part due to the relatively large 
doses, hemorrhage was occasionally troublesome. Of nineteen dogs, only six 
had prothrombin times over 35 per cent of normal after the first forty-eight 
hours. Of these six dogs, only three had more than one determination above 
35 per cent. 

The prothrombin times were determined on venous blood with Maltine thromboplastin, 
employing a modification of Quick’s method and using a thromboplastin suspension.*-* A deter- 
mination was run on each dog in 100 per cent plasma and in 20 per cent plasma. Normal, un- 
treated dogs were used as controls. The normal prothrombin time in 100 per cent plasma was 
about seven seconds. The values were expressed in per cent of normal, the percentages being 
taken from a chart which had been plotted from actual dilutions of plasma from which all pro- 
thrombin was removed by repeated Seitz filtering. 


Electrocardiograms were taken daily for the first week postoperatively and 
also on the fourteenth postoperative day just before the animal was autopsied. 
Following operation, the animals were active in their cages. They received the 
standard planned ration of food used in the animal farm. 


RESULTS 


Group | comprised five dogs which were used as controls and did not re- 
ceive Dicumarol (see Table I). The descending branch of the left coronary 
artery was crushed. 

One animal died forty-five minutes following operation. The left coronary 
artery in this animal was crushed 1.5 cm. from its point of origin. It was con- 
sidered that the point of occlusion was too high to be compatible with survival. 
Subsequent crush and ligation experiments were therefore done at lower levels. 
A second dog which had developed no electrocardiographic changes died during 
the night of the fourth postoperative day, and no infarct was found. The three 
remaining dogs showed minimal or nonspecific electrocardiographe changes, 
such as T-wave reversal or ventricular premature beats. One dog had an infarct 


*The Dicumarol was a preparation manufactured by Eli Lilly and Company, Indianapolis, Indiana, 
and marked as Dicumarol, Pulvules 271. 
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measuring 2.0 x 0.3 x 1.5 cm. on the left anterior side of the septum with the 
typical histologic changes seen in r yocardial infarction. Another dog had 
persistent slight elevation of RS-T, and slight depression of RS-T, and RS-T3. 
Examination of the heart in this dog showed no areas of infarction. The third 
animal had nonspecific electrocardiographic changes (T-wave reversal, ventricular 
premature beats) and small focal areas of infarction were found in the heart. 

In short, one of the five animals should be excluded, because it did not live 
long enough for the purpose of the experiment. This leaves four animals which 
can be considered as satisfactory from the point of view of the experiment. One 
animal showed neither electrocardiographic nor pathologic changes. Of three 
animals showing electrocardiographic changes, two developed myocardial in- 
farcts and one did not. 


TABLE I. EXPERIMENTAL CRUSHING OF DESCENDING BRANCH LEFT CORONARY ARTERY 


DISTANCE OF 


EXPERI- LESION FROM ELECTROCARDIOGRAPHIC 
MENT COURSE CORONARY ORIFICE CHANGES | HEART 
(cM.) 


Group I. Dogs Receiving No Dicumarol 


| 


1 Died 4 days P. O. 2.5 None No infarct 
2 Died 45 min. P. O. '.3 None No gross 
abnormality 

3 Autopsy 14 days 2.3 Persistent slight elevation { No infarct 
RS-T, and depression 
and 3 

4 Autopsy 14 days 2.9 VPB, T-wave reversal Infarct 

6 Autopsy 14 days 4.3 VPB, reversal Ti, 2, and Infarct 

Group II. Dogs Receiving Dicumarol 
5 Died 1 day P. O. 3 None No infarct 


(hemorrhage) 
Autopsy 14 | 2 Slight elevation RS-T2 and No infarct 
normal by 6th day 


9 
9 Died 13 days P. O. 2.9 Transient reversal Tz and 3 | No infarct 
6 


~ 


(empyema) 
None No infarct 
Slight elevation RS-T: and ;3,| No infarct 
normal by 6th day 
14 Autopsy 14 days No lesion found | Slightdepression RS-T,and3;,| No infarct 
normal 1 day P. O., 1st 
degree heart block; 
normal 14 days P.O. 


11 Autopsy 14 days | 2 
12 Autopsy 14 days 3 


Key to abbreviations: VPB—ventricular premature beats. 
P.O.—postoperatively. 


Group II was made up of six animals which received Dicumarol after the 
descending branch of the left coronary artery was crushed (see Table I). One 
animal died of hemorrhage the day following operation and showed neither 
electrocardiographic changes nor myocardial infarction. One animal did not 
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TABLE 


Il. EXPERIMENTAL LIGATION OF DESCENDING BRANCH OF LEFT CORONARY ARTERY 


EXPERI- | 


MENT 


36 


COURSE 
| 


| Autopsy 14 days 


Died during 
operation 

Died during 
operation 

| Autopsy 14 days 


| Autopsy 14 days 
| Autopsy 14 days 


Autopsy 14 days 


Autopsy 14 days 


Autopsy 14 days 


| Died during 
operation 
Died during 
operation 
Died during 
operation 


Autopsy 14 days 


| Autopsy 14 days 
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DISTANCE OF 
LESION FROM 
CORONARY ORIFICE 

(cM.) 


2 


Nm 


5 


3.6 


ELECTROCARDIOGRAPHIC 
CHANGES 


Group III. Dogs Receiving No Dicumarol 


Slight depression RS-T2 ands, 
slight elevation RS-T,; 
RS-T: and normal on 
14th day, RS-T, still 
elevated 

Ventricular fibrillation 


Ventricular fibrillation 


Elevation RS-T, and de- 
pression RS-T; and 
VPB singly and in runs; 
normal 9 days P.O. 

RS-T displacement, normal 
3 days P.O. VPB disap- 
pearing by 4 days P.O. 

Persistent RS-T displace- 
ment, reversal T;-3. 

VPB and APB 

Persistent RS-T displace- 
ment, S-A block, 

T2 and ; reversal and 
APB disappearing by 5 


days P.O. 
Depression RS-T2, normal 
14 days P.O. Ist 


degree A-V block, 
normal 7 days P.O.; S-A 
block normal 14 days’ | 
P.O. Persistent T-wave 
reversal 

T-wave reversal and VPB, 
normal by 7 days P.O. 

Ventricular fibrillation 


Ventricular fibrillation 


No electrocardiogram. 
Probably ventricular 
fibrillation 

Elevation RS-T; and ,, 
elevation RS-T: and ; 
with “‘late inversion” 
normal 4 days P.O., 
T-wave reversal normal 
4 days P.O. 

Elevation RS-T, with 
“late inversion” and 
T-wave reversal; VPB 
singly and in salvos; all 
normal 4 days P.O. 


HEART 


No infarct 


No gross 
abnormality 
No gross 
abnormality 
Infarct 


Infarct 


Infarct 


Infarct 


Infarct 


Infarct 


No gross 
abnormality 

Traumatic 
hemorrhage 

No gross 
abnormality 


No infarct 


Infarct 


= 
— 
| 
17 
18 
19 
20 3.0 
21 
22 
27 3.5 
30 2.5 
32 2.8 
6.5 
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DISTANCE OF 
EXPERI- LESION FROM 
MENT COURSE 


(cM.) 


Group IV. 


2.8 


8 Autopsy 14 days 


2.8 
(Not ramus 
descendens) 


Autopsy 14 days 


13 Autopsy 14 days 3.4 


15 Died 4 days P.O. 4.0 
(hemothorax) 


| Autopsy 14 days 3 


| Autopsy 14 days 23 


Autopsy 14 days 3,1 


Autopsy 14 days 3.4 


31 Died 7 days P.O. 5:3 
33 Autopsy 14 days 4.2 


Too decomposed 
to examine 


34 Died 4 days P.O. 


37 Died 8 days P.O. 3.8 


CORONARY ORIFICE 


DICUMAROL IN EXPERIMENTAL CORONARY OCCLUSION 


EXPERIMENTAL LIGATION OF DESCENDING BRANCH OF 
LEFT CORONARY ARTE ryY—(Cont’ D) 


ELECTROCARDIOGRAPHIC 
CHANGES 


Dogs Receiving Dicumarol 


Elevation RS-T2 and and 
S-A block, normal 14 
days P.O. Ventricular 
tachycardia, normal 3 
days P.O. 

Persistent elevation RS-T, 
and depression RS-T>2. 
VPB and ventricular 
tachycardia, normal 3 
days P.O. 

Elevation RS-T, and de- 
pression RS-T; and 
normal 7 days P.O. 
VPB and ventricular 
tachycardia, normal 3 
days P.O. | 

Elevation slight RS-T,, 
slight depression RS- 
T2 and ;, still present 4 | 
days P.O., VPB disap- | 
pearing 4 days P.O. 


| RS-T displacement, normal 


14 days P.O.; VPB 
normal 4 days P.O. 
Persistent elevation RS- 
Ti and 4, and depression | 
RS-T;. VPB normal 4 | 
days P.O. 
Elevation RS-T;, depression! 
RS-T:2 and 3, normal 14 
days P.O. VPB, normal! 
4 days P.O. 
RS-T displacement. N> elec- 
trocardiogram after 7th | 
day 
Depression RS-T),2, and 3, 
normal 4 days P.O. 
Depression RS-Ty, and 3, 
normal 7 days P.9. VP BI 
normal 2 days P.O. 
Elev ation RS- Ti and 4 With | 
‘late inversion”’ and 
VPB, still present 3 
days P.O. | 
Elevaticn RS-T,, depression| 
RS-T? and ;, still present} 
6 days P.O.; APB and 
VPB normal 4 days 
P.O.; paroxysmal ven- 
tricular tachycardia, 
normal 2 days P.O.; A-V 
block normal 4 days P.O. 
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Infarct 


No infarct 


Infarct 


Infarct 


Infarct 


Infarct 


No infarct 


| Infarct 


Infarct 


| Infarct 


Too decom- 
posed to 
examine 


Infarct 


|_| 

26 
28 
2 
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TABLE II. EXPERIMENTAL LIGATION OF DESCENDING BRANCH OF 
Lert CORONARY ARTERY—(CONT’D) 


DISTANCE OF 
EXPERI- LESION FROM ELEC TROCARDIOGRAPHI( 
MENT COURSE CORONARY ORIFICE CHANGES HEART 
(cM.) 


| Died 8 days P.O. 4.0 RS-T displacement still Infarct 
present 7 days P.O.; 
VPB normal 4 days P.O. 
| Died 4 days P.O. Too decomposed | Elevation RS-T,, depression | Too decom- 
to examine RS-Ts, VPB and ven- posed to 
tricular tachycardia still examine 
present 2 days P.O. 
Died 7 days P.O. | 3.4 RS-T displacement still Infarct 
present 5 days P.O.; 
VPB normal 4 days P.O. 


| 


Key to abbreviations: RS-T elev. (used indiscriminately)—elevation RS-T,; and 4 and depression 
RS-T2 and RS-T;. 
V PB—ventricular premature beats. 
APB—auricular premature beats. 
S-A block—sinoauricular block. 
A-V block—auriculoventricular block. 
P.O.—postoperatively. 


develop electrocardiogra phic changes during the fourteen day period of observa- 


tion. One dog showed. reversal of Tz and Ts; and two showed minor and transient 
RS-T segment displacements. The sixth dog had transient RS-T displacement 
and first degree heart block. The hearts of none of these animals were infarcted. 

In brief, one animal died the day following operation and should be ex- 
cluded. None of the five remaining animals developed myocardial infarction, 
and four of the five showed minor electrocardiographic changes. 

Group III consisted of fourteen animals. These were control animals and 
received no Dicumarol. In each animal the descending branch of the left coro- 
nary artery was ligated (see Table I1). Five animals died of ventricular fibrilla- 
tion during the operation. 

Eight animals showed RS-T segment displacement, which was persistent 
during the fourteen day period of observation in two dogs and transient in six. 
In addition, five of these had transient ventricular premature beats occurring 
either singly or in short runs. Two developed transient auricular premature 
beats. Two showed sinoauricular block and one, first degree auriculoventricular 
block. Transient T-wave reversal and ventricular premature beats were noted 
in the ninth dog. Definite infarcts were found in all but two of these animals. 

In summary, five of the fourteen animals died during operation and must 
be discarded. Myocardial infarction was present in seven animals and absent 
‘in two animals. Eight animals, including both of those which did not have a 
myocardial infarct, had moderately severe to severe electrocardiographic changes. 

Group IV comprised fifteen dogs who received Dicumarol. In thirteen dogs 
the descending branch of the left coronary artery was ligated (see Table I). 
In two animals autopsy showed that a coronary branch other than the descend- 
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ing branch was ligated. Both showed changes in the electrocardiogram, and 
one had a myocardial infarct. However, since the criteria for the experiment 
were not fulfilled, these animals were discarded. Three animals died four days 
postoperatively, one of hemorrhage and cardiac infarction and one of infarction 
alone. Two died eight days postoperatively, one with infarction and the other 
of infarction and hemorrhage. Eight animals were sacrificed following the usual 
fourteen day period of observation. 


mm. 


Fig. 1.—Dog 37. Ligation of descending branch of left coronary artery 3.8 cm. from origin of left 
coronary artery, June 18, 1946. Dicumarolized. Prothrombin content 14 per cent of normal, June 
22, 1946. Tracing taken day after operation shows paroxysmal ventricular tachycardia. On June 
20, 1946, complete heart block is associated with ectopic ventricular (escape) beats. On June 21, a 
similar mechanism is associated with a premature nodal beat showing aberrant ventricular conduction 
(Lead II) and RS-T segment elevation in the chest lead. On June 22, second degree heart block is 
noted. On June 24, normal rhythm is re-established, but RS-T deviations are still present. Dog 
sacrified on fourteenth postoperative day. Post-mortem examination showed a full-thickness anterior 
wall infarct measuring 15 by 40 millimeters. 
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Five of the fifteen dogs showed transient, and one showed persistent, RS-T 
segment displacement. The seven animals who died before the completion of 
the fourteen day observation period showed RS-T segment displacement which 
was still present at the time of death. In one animal the RS-T segment was still 
displaced on the seventh day, but no tracings were taken after this date. Ten 


pre- 4 


wi A A\ \ 


VN 


6/24/46 


Fig. 2.—Dog 40. Ligation of descending branch of left coronary artery 3.4 cm. from origin of left 
coronary artery, June 20, 1946. Dicumarolized. Prothrombin content 14 per cent of normal on June 
23. Tracings taken postoperatively on the day of operation show elevation of RS-T in Lead I and in 
the Chest lead, and depression of RS-T in Leads II and III. On June 21, premature ventricular beats 
occur, singly or in salvos, while the chest lead shows monophasic action currents. Premature ventricular 
beats are still present on June 22, but the rhythm is again regular on June 24. Slight elevation of 
RS-T in Lead I and in the chest lead, and depression of RS-T in Lead III, are still present in the last 
recorded tracing on June 25. The animal died eight days postoperatively. Post-mortem examination 
showed a full-thickness anterior wall infarct measuring 20 by 20 millimeters. 


dogs showed transient ventricular premature beats; one, transient auricular 
premature beats; three, ventricular tachycardia; one, sinoauricular block; and 
one, complete followed by second degree heart block; all of these changes were 
restricted to the first five or six days of electrocardiographic observation. 


| 


BEATTIE ET AL.: DICUMAROL IN EXPERIMENTAL CORONARY OCCLUSION 103 


The hearts of two of the dogs which died on the fourth postoperative day 
were too decomposed to examine. One heart showed no infarcts in spite of having 
shown electrocardiographic changes diagnostic of myocardial infarction. All 
of the remaining ten hearts were infarcted. 

In summary, two of the fifteen dogs were discarded because of improper 
placement of the ligature, two hearts were too decomposed to examine for in- 
farcts, and ten of the eleven hearts examined showed infarction. All thirteen 
animals followed by the electrocardiograph showed moderate to marked changes 
characteristic of coronary occlusion. 


DISCUSSION 


A comparison of the control and treated groups in which the coronary 
artery was crushed showed no striking differences in the electrocardiographic 
and pathologic changes observed. These groups were too small and the results 
obtained by the :ethod used too inconsistent to warrant further comment. 

Comparison of the control and treated groups in which the descending 
branch of the left coronary artery was ligated showed similar electrocardiographic 
and pathologic findings. Infarction was:found in seven of nine control animals 
and in ten of eleven treated animals. Electrocardiographic changes of approxi- 
mately equal severity were found in nine control animals and in thirteen treated 
animals. It should be noted that seven of the dogs surviving operation and re- 
ceiving Dicumarol died during the eight days following operation. In three of 
these, death could be attributed to hemorrhage, while the remaining four pre- 
sumably died as a result of the myocardial infarction. No control animals sur- 
viving operation died during the fourteen day period of observation. 

The myocardial infarcts in both the control animals and those receiving 
Dicumarol were studied in an attempt to distinguish any gross or histologic 
features that would serve to differentiate these groups. None were found, since 
the gross and histological findings were similar for both groups. The coronary 
arteries both above and below the site of ligation were carefully examined to 
determine the presence of retrograde and centrifugal thrombosis. There was no 
evidence of propagation of a thrombus in either direction in either group. As 
far as could be determined, the size of the infarcts was roughly equal in both 
groups. The endocardium was studied with special care for evidence of mural 
thrombi or endocardial reaction. Mural thrombi were not present in any of the 
hearts of any group, and there was no evidence of endocardial involvement. 

Hemorrhage into the infarcted areas was not a prominent feature in either 
group of animals. The myocardium was infarcted in twenty dogs: Eleven of 
these received Dicumarol and nine did not. Five of the eleven dicumarolized 
dogs showed slight to moderate hemorrhage into the infarct and six showed no 
hemorrhage. Four of the nondicumarolized dogs showed slight to moderate 
hemorrhage in the infarcted myocardium and five did not. 

The electrocardiographic changes comprised, singly or in combination, 
RS-T segment displacements, changes in the direction of the T waves, ectopic 
rhythms, and conduction disturbances. They were quite typical of those noted 
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in similar ligation experiments described in the literature.*-'* The RS-T seg- 
ment deviations generally consisted of elevation of the RS-T segment in Leads 
I and IV and depression of the RS-T segment in Leads II and III. Several 
variants of this pattern were encountered and are indicated in Tables I| and I]. 
Because of the mobility of the dog’s heart and the difficulty of placing the pre- 
cordial electrode in exactly the same position at each reading, much more sig- 
nificance was attributed to changes in the conventional limb leads than in the 
precordial lead. The displacements generally returned to the isoelectric line 
before the end of the two weeks’ period of observation, but there was an un- 
expectedly high incidence of persistent RS-T displacement at the end of this 
period. This finding remains unexplained. 


In about one-half of the dogs, T. and T;, which were originally inverted, 
became upright; in the other half, originally upright T, and T; became inverted. 
Such changes might occur with or without displacement of the RS-T segment. 
In view of the possibility of spontaneous reversal of the T waves in one or more 
leads,’® this type of change has been largely omitted from the protocols. Since 
records were not made during actual ligation of the coronary artery, the brief 
‘ischaemic’ T-wave reversals described by Bayley and La Due” were not noted. 

The ectopic rhythms consisted of ventricular premature beats, singly or in 
salvos, ventricular tachycardia, and auricular premature beats. The conduc- 
tion disturbances, sinoauricular block or the various degrees of auriculoventricular 
block, were relatively infrequently encountered. 


It is quite clear from the data presented that no fewer instances of, and no 
lesser degree of, RS-T segment displacement, conduction disturbances, or ectopic 
rhythms developed in the treated than in the untreated group. No electrocardio- 
graphic or pathologic evidence is at hand that Dicumarol has a favorable effect 
on the evolution or outcome of established experimental myocardial infarction. 


Certain limitations of the exper ments should be pointed out. (1) In these 
animals, the coronary blood vessels other than the ligated artery were healthy, 
patent, and elastic; whereas in clinical coronary occlusion the collateral vessels 
may be atherosclerotic, calcified, and narrowed or occluded. (2) The experi- 
mental occlusions in these animals were sudden and total, while in clinical 
coronary occlusion there is a body of evidence pointing to the possibility that 
in some cases closure is not abrupt and complete, but takes place over a period of 
time during which the anticoagulant might percolate through the partially 
occluded area. (3) In three dogs in Group IV (ligation and Dicumarol), hemor- 
rhage was either the sole or a contributory cause of death. The surgical pro- 
cedure which they had undergone and the use of the anticoagulant made these 
animals especially vulnerable to hemorrhage, and thus unduly and unfavorably 
affected the mortality rate. These deaths resulting from hemorrhage have no 
clinical counterpart since surgery during an attack of coronary occlusion is rare. 
(4) In spite of the large amount of work represented in these experiments, only 
twenty-two ligation experiments were finally considered satisfactory for the 
purpose of the study. Such a limited group is not suitable for statistical analysis. 
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SUMMARY 


The descending branch of the left coronary artery was ligated in two groups 


of dogs. One group received Dicumarol following ligation, while the second, or 
control group, received no Dicumarol. The electrocardiographic and pathologic 
changes were studied in both groups. No significant differences were found. 
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CLINICAL ANALYSIS OF THE S WAVE PATTERN 
ELECTROCARDIOGRAM 


AN INVESTIGATION INCLUDING EXTENSIVE UNIPOLAR LEAD STUDIES 


JENNINGS FERSHING, M.D. anp LyLe A. BAKER, M.D. 
HinEs, ILL. 


EVERAL articles have been published which were concerned with the elec- 

trocardiogram showing prominent negative deflections in all standard leads. 
These tracings can be divided into two groups; one in which an initial negative 
deflection (Q wave) contributes the negative component in one or more leads, 
and a second group in which the negative deflection is contributed by the S 
wave in all leads. It is with the latter group that this paper is concerned. 

Electrocardiograms of the first type have been found to be commonly 
associated with serious heart disease; with infarction by Willius,! and Bainton 
and Burstein,? and with bundle branch block by Wilson and associates.* Burstein 
and Ellenbogen,‘ as well as Goldberger and Schwartz,’ included both types of 
tracings in their studies and confirmed the gravity of the first pattern. Schwartz 
and Marcus® concluded that the negative deflection pattern was due to enlarge- 
ment of the right ventricle, causing longitudinal rotation of the heart. 

Ashman and Hidden? and Wilburne and Langendorf® confined their studies 
to the S-wave pattern and segregated those tracings showing only this ab- 
normality from grossly abnormal tracings. They concluded that this pattern 
was most frequently a normal variant, and the former authors believed it char- 
acteristic of a relatively vertical cardiac position. 

This study was undertaken in an attempt to clarify the following points: 
(1) Is it true that heart disease is relatively infrequently associated with the 
S-type electrocardiogram? (2) If so, in those cases with S-wave electrocardio- 
grams, can the unipolar limb leads and/or the precordial chest leads be of aid in 
further segregating those cases with heart disease from those with normal hearts? 


PROCEDURE 
Criteria used in selection of electrocardiograms were as follows: 


1. Prominent S waves in the three standard limb leads. The S waves had 
to be 25 per cent or more of the R waves. 
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Fig. 1.—Diagrammatic illustration of unipolar limb lead patterns as described in text. 
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2. Tracings with low, splintered QRS complexes in Lead III were ex- 
cluded. Tracings with low (>4 mm.) equiphasic QRS complexes in 
Lead I were included. 

3. Tracings with definite abnormalities, such as Q waves, wide QRS com- 
plexes (.12 second or more), or abnormalities of the terminal segments 
were excluded. 

4. Tracings with abnormal CF , leads were excluded. 


Fifty-two consecutive cases presenting the S-wave pattern were studied 
intensively during 1945 and 1946. Using the technique of Goldberger™ unipolar 
limb leads, precordial leads, and right upper quadrant and left upper scapular 
leads were taken on all cases. Wherever available, chest x-rays were reviewed 
and the anatomic axis measured as follows: The relation of the anatomic axis 
of the heart to an element in the median sagittal plane of the body was deter- 
mined from teleroentgenograms of the chest by drawing a median line through 
the center of the bodies of the thoracic vertebrae, then another line from the 
depression formed by the root of the aorta and the right auricle to the point of 
greatest curvature at the apex, and measuring the angle formed by these two 
lines. This angle was then subtracted from 90° to express the anatomic axis in 
reference to the horizontal plane. 

The unipolar limb lead patterns were classified as follows (see Fig. 1): 

Type 1: In Lead aVp, the upright phase was definitely greater than the 
inverted phase (R>Q). The pattern in the other aV leads varied: A, In Lead 
aV,, the R wave exceeded the Q wave (R>Q); in Lead aVp, the upright and 
negative phases were approximately equal. B, In Lead aV,, the voltage was 
low; in Lead aVrg, the S wave exceeded the R wave (S>R). 

Type 2: In Lead aVp, the inverted phase definitely exceeded the upright 
phase (Q>R). In the other aV leads the following combinations existed: A, 
In Lead aV,, Q>R; in Lead aVpr, R>S. B, In Lead aV_, low voltage; in Lead 
aVp, R>S. C, In Lead aV,, R>Q; in Lead aVpg, S>R. C’ In Lead aVj, 
R>Q; in Lead aVg, R>S. C’, In Lead aV,, R>Q; in Lead aVpz, low voltage. 

Type 3: In Lead aVkg, the negative and positive phases were approximately 
equal. In the other aV leads, the combinations of the negative and positive 
phases were: A, In Lead aV,, R>Q; in Lead aVp, equiphasic. A’, In Lead 
aV,, R>Q; in Lead aVpg, S>R. B, In Lead aVj,, low voltage; in Lead aVr, 
S>R. B’, In Lead aV,, low voltage; in Lead aVg, S and R equal. C, In Lead 
aV,, equiphasic; in Lead equiphasic. 


RESULTS 


In addition to making the preceding analysis, we reviewed all of the trac- 
ings taken by us at Hines Hospital during the year 1942. Of the 7,571 tracings 
studied, eighty-two (1.1 per cent) fulfilled our criteria. This figure is probably 
somewhat low since these tracings were taken on an older age group, the patients, 
in the main, being veterans of World War I. A comparison of incidence shows 
that in Ashman and Hidden’s’ series the incidence was 1.3 per cent after the 
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abnormal tracings were discarded. Similarly, the incidence in Wilburne and 
Langendorf’s® series became 2.3 per cent. All in all, one can expect to find the 
S-type pattern in about 2 per cent of all normal tracings in all age groups. 

The fifty-two cases studied were a consecutive series upon which electro- 
cardiograms had been routinely taken during 1945 and 1946, and which met 
our criteria. The age distribution was as follows: The youngest subject was 
19 years and the oldest 83 years of age. The greatest number (twenty-five) 
were found in the 50 to 59 year group. There were eleven in the 20 to 29 year 
group, four in the 30 to 39 year group, nine in the 40 to 49 year group, and only 
one in the 60 to 69 year group. 


TABLE I. CORRELATION OF UNIPOLAR LIMB LEAD PATTERNS WITH PRESENCE OR ABSENCE OF 
CARDIOVASCULAR AND PULMONARY DISEASE 


SYSTEMIC | 
HEART DISEASE HYPERTENSION | WITH NO 
| PUL- | CARDIO- 
MONARY |VASCULAR 


TOTAL 
TYPES NO. WITH DISEASE OR PUL- 
RHEU- HYPER- PUL- UN- PUL- ONLY MONARY 
MATIC TENSIVE MONARY KNOWN | ONLY MONARY | | DISEASE 
. | DISEASE | | 
1 
A 5 3 1 | 
B 8 2 1 2 | 3 | 
Total 13 6 1 | 3] | 3 
A 5 | 1 | 3 | 
B 7 1 1 5 | 
Cc 6 1 2 | 3 | 
Cc’ 2 2 
3 
Total 25 4 1 4 | 16 
A 2 2 | 
A’ 2 2 | 
B 4 2 7 
B’ 4 2 
2 1 | 1 | 
Total 14 2 1 | 4| | 7 
Total 52 | 12 3 | | 26 


Table I is a summary of the pertinent findings in this study. Severai sug- 
gestive correlations can be noted. Of the fifty-two patients studied, twelve (23 
per cent) had heart disease, as compared with 37 per cent in the series of Wil- 
burne and Langendorf.* Etiologically, five had hypertensive heart disease, 
three had cor pulmonale, two had rheumatic heart disease, and in two cases 
the etiology was unknown. There were three patients with systemic hyper- 
tension who did not have heart disease. One patient had hypertension only, 
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while the other two had associated pulmonary disease. Eleven patients (21.2 
per cent) had pulmonary disease only, and twenty-six patients (50 per cent) 
had neither cardiovascular nor pulmonary disease. The latter group presented 
the usual varied conditions found in a large general hospital in which the diag- 
nosed diseases had no bearing on the configuration of the electrocardiogram. 


The cases showing the Type 1 pattern seem of special significance. Of the 
five patients under Type 1,A, one had systemic hypertension and pulmonary 
disease, one had pulmonary disease only, and three had hypertensive heart dis- 
ease. The pulmonary disease in both instances was asthmatic bronchitis. The 
pattern in Type 1,A is characterized by tall R waves in aVp and aV,, and by 
an equiphasic leg lead. The chest leads were not unusual or distinctive in any 
way; this was found to characterize the chest leads of all the cases in this study. 
The anatomic axis was 40° or less in four of these five patients. The fifth patient 
was a 55-year-old man with both asthmatic bronchitis and systemic hyperten- 
sion, in whom the anatomic axis was 47°. The most transverse heart had an 
axis of 28°. The unipolar leads taken from the left upper scapular area showed 
R waves which were ail 4 mm. or more in height. One patient also showed an 
R wave in the right upper quadrant lead which was 6 mm. tall. This would 
tend to support Goldberger’s” contention that an R wave of 4 mm. or more 
in the left upper scapular lead is indicative of left ventricular hypertrophy. 

Of the eight patients whose tracings conformed to Type 1,B, three had 
heart disease. The etiology in two patients was cor pulmonale, while in the 
third, the etiology was unknown. Two patients had pulmonary disease only. 
The remaining three patients had neither pulmonary nor cardiovascular disease. 
Thus, four subjects were found to have some type of pulmonary disease. X-ray 
films of the chest were available in seven of these patients. The anatomic angle 
was Close to 40° in five of these, and 50° in the remaining two. Only one patient 
showed an R wave of at least 4 mm. in the left upper scapular lead and this was 
a patient admitted for a head injury who had neither hypertension nor pul- 
monary disease. One of the patients with cor pulmonale had an R wave of 7 
mm. in the right upper quadrant lead, but the other patient had a low, splintered 
ORS complex in this same lead. 

Type 2 proved to comprise the largest number of patients in the series. 
There were twenty-five cases in this group, all well scattered among the sub- 
groups. Four patients had heart disease: two had hypertensive heart disease; 
one, rheumatic; and in one, the etiology was unknown. There was one patient 
with systemic hypertension and asthmatic bronchitis. There were only four 
patients with pulmonary disease in this group. One of these was a 31-year-old 
man with an R wave in the right upper quadrant lead of 6 millimeters. The 
diagnosis was asthmatic bronchitis, and there was no evidence of heart disease. 
The anatomic axis was 55°. The one patient with rheumatic heart disease had 
an R wave of 5 mm. in the right upper quadrant lead, and the anatomic axis 
was 39°. Only one patient with the Type 2 pattern had an R wave of 4 mm. in 
the left upper scapular lead. This was a 49-year-old man who was admitted 
for treatment of cholecystitis. No chest x-ray was available. The chest leads 
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revealed inverted T waves on the left side of the precordium. A clinical diag- 
nosis of heart disease had not been made in this patient. In the entire group, 
x-ray films of the chest were available for study in sixteen patients. The ana- 
tomic axes in this group varied from 55°, as mentioned in the first patient de- 
scribed, to 28° in the patient with the undetermined type of heart disease; in 
the remaining fourteen patients, the axes were well scattered between these 
extremes. There was no obvious clinical correlation here. 


Type 3 included fourteen cases, well scattered among the subgroups. There 
were two patients with heart disease, one with rheumatic disease, and one with 
pulmonary hypertension. The latter belonged to Type 3,C and had the primary 
diagnosis of bullous emphysema. X-ray films were not available in this patient. 
The chest leads revealed an M-shaped QRS complex in leads over the right 
side of the precordium. The right upper quadrant and left upper scapular leads 
were not abnormal. The only patient with systemic hypertension (unaccom- 
panied by pulmonary disease) was found in this group. The four patients with 
a Type 3 pattern who had pulmonary disease fell into the subgroups B and B’. 
Two of these patients had R waves of 4 mm. in the right upper quadrant leads, 
whereas the other two had R waves of 4 mm. and 3 mm., respectively, in the 
left upper scapular leads. The diagnosis in three of these patients was chronic 
pulmonary tuberculosis, and in the fourth, asthmatic bronchitis. There was 
one patient in Type 3,B who had an R wave of 5.5 mm. in the right upper quad- 
rant lead. This was a 20-year-old man who was admitted for treatment of 
hemorrhoids. Eight x-ray films were available in the Type 3 group. The two 
patients with a Type 3,A’ pattern were interesting in that the anatomic axes 
were 28° and 26°. In the others the axes varied from 49° to 35°, with no ap- 
parent clinical correlation. 


The standard limb lead electrocardiograms were also studied from the 
point of view of depth of the S waves. Thirty-six cases were found in which the 
amplitude of the S waves was at least 50 per cent that of the R waves in all the 
standard leads. Of these, fifteen patients had a clinical diagnosis of pulmonary 
disease. Since there were only sixteen cases in all with pulmonary disease, 
this group for all practical purposes contains all the cases with pulmo- 
nary pathology. In ten of the thirty-six cases the S waves were equal to, or 
greater than, the R waves in each lead. Six of these patients were found to have 
some type of pulmonary disease. The other four patients had no clinical cor- 
relation. The incidence of pulmonary disease in this group was 60 per cent, or 
about twice that of the incidence of pulmonary disease in the entire series (six- 
teen out of fifty-two, or 30.8 per cent). It appears from this survey that the 
greater the depth of the S waves the greater the correlation with pulmonary 
disease. 

In the sixteen patients with pulmonary disease, x-ray films of the lungs 
were available in twelve. Only four patients had anatomic axes between 55° 
and 45°. In the remaining eight patients the axes ranged from 44° to 35°, five 
cases being less that 40° in five patients. In the twenty-six cases with neither 
pulmonary nor cardiovascular disease, x-ray films were available in sixteen 
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cases. Only three patients had anatomic axes greater than 45°, and only six had 
axes greater than 40°. From these data, it appears that a relatively vertical 
axis was not a frequent occurrence in the group with neither cardiovascular nor 
pulmonary disease, nor in the group with pulmonary disease alone. 


DISCUSSION 


In considering any electrocardiographic pattern it is always desirable, if 
possible, to make certain clinical correlations in order that practical applications 
may be made. Very early it was evident from inspection of the standard leads 
in which an S-wave pattern was present that no such correlations were possible. 

LaDue and Ashman® have recently indicated the types of QRS deflections 
which should be found with the variations of the position of the heart in relation 
to its three axes. From the S-wave patterns shown, it is inferred that with a 
transverse heart and marked counterclockwise rotation, S waves increasing in 
depth from Lead I to Lead III may be found; while in the heart with normal 
position on its long axis and the apex posterior, S waves decreasing in depth 
from Lead I through Lead III may be found. An attempt to make such a cor- 
relation in the present series was a failure. It is evident from our study that 
several causes may give rise to the S-wave pattern in the standard Jeads. Cir- 
cumstances under which the right ventricle is overburdened as well as those in 
which there is left ventricular hypertrophy may do so. An S-wave pattern was 
also prominent in a group of patients with pulmonary disease, but without defi- 
nite heart disease. There is a small group of patients with systemic hypertension 
without evident heart disease who show an S-wave pattern. There is also a 
large group, one-half displaying the S-wave pattern, in whom no evidence of 
cardiovascular nor pulmonary disease is present. In our experience, the stand- 
ard limb leads or precordial leads do not furnish any information which makes 
any distinction of clinical nature possible. 

A study of these cases by unipolar leads was undertaken in the hope that 
some additional information of practical clinical importance might be obtained. 
On the whole this was also disappointing. Multiple unipolar precordial leads 
gave no information. The unipolar limb leads gave us only one significant pat- 
tern (Type 1). Only three of the thirteen patients in this group were free of 
cardiovascular or pulmonary disease. One-half of the patients having heart 
disease in the entire series fell into this small group. Therefore, when Lead 
aVpr shows a positive deflection greater than the negative deflection, it is strong 
presumptive evidence that cardiac disease, pulmonary disease, or both, are 
present. If, in addition, Lead aV, shows a high R wave and Lead aVj¥ is equi- 
phasic, it is strong evidence that left ventricular hypertrophy is present. In no 
case of right ventricular hypertrophy did this latter pattern occur. With respect 
to the unipolar limb lead patterns under Types 2 and 3, it can only be concluded 
that heart disease was comparatively rare, being present in only six of the thirty- 
nine patients. Hypertension without heart disease was present in two of the 
thirty-nine, while pulmonary disease was found in eight. Slightly over one-half 
(twenty-three) had no evidence of cardiovascular or pulmonary disease. How- 
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ever, no correlation could be found which would aid in distinguishing those with 
disease from those with no disease. 

It is also apparent that in all cases of hypertensive heart disease, the voltage 
of the R wave strikingly exceeded the voltage of the Q wave .. id aV{,, irre- 
spective of the pattern exhibited by Lead aVx; while in right ventricular hyper- 
trophy, Lead aV,, was either equiphasic or the Q exceeded the R wave in voltage, 
irrespective of the patterns exhibited by Leads aVp and aVy. This is of little 
aid in clinical application, since both criteria were frequently met by patients 
who had no disease. 

From the findings in this series of cases, it is our impression that normal 
position or a tendency toward vertical position of the heart with the apex rotated 
posteriorly is the most common cause of the S-wave pattern. In chronic pul- 
monary disease with associated emphysema, the depression of the diaphragm 
with extension of the Jungs into the anterior cardiac space can well be responsible 
for such a cardiac position. In the congenital vertical heart, the long axis tends 
to rotate posteriorly as the vertical position is assumed and produces relatively 
the same cardiac position. Also, it is probable that in some patients with heart 
disease involving either the right or left ventricle, this cardiac position is the 
major factor in determining the distribution of the potentials to the extremities 
in such a manner as to give rise to the S-wave pattern in the standard leads. 
That such a position of the heart is not always responsible for the S-wave electro- 
cardiogram is evident from the markedly transverse position of the heart found 
in patients with hypertensive heart disease. Under these circumstances, marked 
counterclockwise rotation with the apex displaced posteriorly is probably the 
explanation. 

Various authors have commented on the possible etiology of the S-type 
electrocardiogram. Gardberg and Ashman,'® in their study of possible QRS 
patterns by vector analysis, state that the S-type electrocardiogram is “‘by 
no means uncommon”’ in persons with so-called “‘dropped heart.’”” They point 
out that an important factor is that the apex is pushed posterior, or the base 
pulled forward, with the result that the mean QRS axis points backward and up- 
ward. They add that ‘‘some distortion of the electrical fields by the thoracic 
configuration and by the lungs may not contribute a little to the relatively back- 
ward direction of the mean QRS axis. We do believe that such factors are of 
secondary importance.”’ 

Wilson and associates” recognized the possible role of right ventricular 
hypertrophy in the etiology of the S-type pattern. They state, “When the heart 
is in the semivertical position, . . . right ventricular hypertrophy produces 
large S waves in all the standard limb leads.’’ Goldberger and Schwartz state 
that in five of their cases “there was evidence of enlargement of the right ven- 
tricle, or of conditions in which right ventricular hypertrophy might be expected 
(asthma and pulmonary tuberculosis).’’ Schwartz and Marcus’ collected eight 
autopsied cases with similar patterns; seven had pulmonary tuberculosis and 
‘‘merely showed right ventricular hypertrophy or dilatation at autopsy.”” That 
right ventricular hypertrophy may be occult has been a common experience of 
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clinicians, and details can be found in the studies by Master!? and Sussman and 
associates.'* In our series of fifty-two cases, the diagnosis of cor pulmonale was 
made in only three instances, but it is impossible to state how frequently right 
ventricular hypertrophy was actually present in the thirteen patients with pul- 
monary disease. Only a more comprehensive study could accurately determine 
the importance of right ventricular hypertrophy as an etiological factor in the 
S-wave pattern. 

The theoretical possibility of extreme left axis deviation producing an S-type 
electrocardiogram was recognized by Goldberger and Schwartz. They postu- 
late that “‘the electrical axis would have to rotate counterclockwise to at least 
—120°.’’ They show one case in which this tendency was present. 


That the right ventricle is notably elusive to both clinical and x-ray ex- 
amination has been commented upon. This elusiveness prevails in the field of 
electrocardiography. This is due to the fact that there must be a great increase 
in the muscle mass of the right ventricle before potentials derived from its 
activation are able to overcome the normal preponderance of potentials derived 
from the left ventricle and so alter the electrocardiogram. By use of the right 
upper quadrant and left upper scapular unipolar leads, as advocated by Gold- 
berger, we attempted to determine if this difficulty might be decreased. Our 
findings indicate that a low R wave in the left upper scapular lead or a low- 
voltage biphasic complex indicates that left ventricular hypertrophy is not 
present. This also suggests that the relative magnitude of potential derived 
from the right ventricle may be greater than normal. It should be kept in mind, 
however, that a heart in unusual clockwise rotation around its long axis may 
project potentials from both the right and left ventricles toward the left shoulder, 
and give an intermediate type of complex. A prominent R wave in the right 
upper quadrant lead is strongly suggestive of right ventricular hypertrophy. . 
However, in other observations we have made on patients with definite mitral 
stenosis and chronic cor pulmonale, only a minority showed such a right upper 
quadrant pattern. Likewise, patients in whom there is no clinical reason for 
right ventricular hypertrophy may rarely show a prominent R wave in the right 
upper quadrant lead. It is our belief that occasionally the cardiac position may 
be such that the potential picked up by a right upper quadrant lead may be for 
the most part derived from the left ventricle producing a prominent R wave. 
Our experience indicates that the right upper quadrant and left upper scapular 
leads are of very limited value in determining the presence of hypertrophy of 
either ventricle. 

It was noted that the S-wave pattern may be transient, tending to wax and 
wane in an occasional patient. We could not correlate this change with any 
gross anatomic deviation such as pleural or pericardial fluid, as was pointed out 
by Burstein and Ellenbogen.‘ 


SUMMARY 


A study of otherwise normal electrocardiograms of fifty-two patients show- 
ing S waves in all standard limb leads was carried out, using precordial leads, 
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six unipolar limb leads, and right upper quadrant and left upper scapular unipolar 
leads. The S waves in the standard limb leads were 25 per cent or more than the 
R deflection in the same lead. 

The clinical diagnoses in fifty-two patients were heart disease in twelve, 
hypertension alone in one, pulmonary disease alone in eleven, and hypertension 
and pulmonary disease together in two cases, while in twenty-six patients there 
was no disease present which would influence the electrocardiogram. 

The only positive correlation which was noted from inspection of the stand- 
ard limb leads was that when the S-wave deflections were of considerable mag- 
nitude in all leads there was a high incidence of pulmonary disease. 


Unipolar lead studies were made in an attempt to establish criteria for dif- 
ferentiating patients with disease from those without disease and for correlating 
the electrocardiographic findings with the clinical findings. The multiple uni- 
polar precordial leads offered no assistance in this respect. By grouping the 
various patterns noted in the unipolar limb leads, it was found that the pattern 
designated as Type 1 was associated with a very high incidence of cardiovascular 
or pulmonary disease. The remaining types did not contribute any further 
information. The unipolar leads from the right upper quadrant and left upper 
scapular areas were of no more than slight value in determining the presence of 
hypertrophy of either ventricle. 


It is probable that the fundamental factor in determining the presence of 
S waves in the standard limb leads is the position of the heart. A tendency 
toward a vertical position with the apex displaced posteriorly is the most com- 
mon cause. A heart in a transverse position with marked counterclockwise 
rotation on its long axis rarely will give rise to such a pattern. Cardiac or pul- 
monary disease is active in producing the pattern only insofar as it may con- 
tribute to such cardiac positions. In one-half of the patients studied, this electro- 
cardiographic pattern was a normal characteristic of the individual. It is con- 
cluded from this study that such extensive unipolar lead investigations are 
impractical as a routine clinical procedure because of the relatively little clinical 
value that they yield. 

Tracings meeting the criteria used in this paper are obtained in approxi- 
mately 2 per cent of all electrocardiograms taken on adults. 


REFERENCES 


1. Willius, F. A.: Clinical Electrocardiograms, Philadelphia, 1929, W. B. Saunders Company, 
pp. 193-197. 

Bainton, J., and Burstein, J.: Illustrative Electrocardiography, New York, 1935, D. Appel- 
ton-Century Company, Inc., pp. 228-229. 

3. Wilson, F. N., Johnston, F. D, and Barker, P. S.: Electrocardiograms of an Unusual 

Type in Right Bundle Branch Block Am. Heart J. 9:924, 1943. 

4. Burstein J|., and Ellenbogen, L.: Electrocardiograms in Which the Main Initial Ventricular 
Deflections Are Directed Downward in the Standard Leads, AM. Heart J. 16:165, 
1938, 

Goldberger, Emanuel, and Schwartz, S. P.: Electrocardiograms in Which the Main Ven- 
tricular Deflections Are Directed Downward in the Standard Leads, Am. Heart f. 
29:62, 1945. 


to 


116 AMERICAN HEART JOURNAL 


Schwartz, S. P., and Marcus, H.: The Electrocardiograms in Pulmonary Tuberculosi 
The Clinical Significance of Concordant Inverted Initial Ventricular Deflections 

in Patients With Chronic Pulmonary Tuberculosis, Am. Rev. Tuberc. 46:35, 1942 

Ashman, R., and Hidden, E. H.: Rightward Deviation of the Axis of the T-Wave as an 
Index of Myocardial Disease, Ann. Int. Med. 12:1682, 1939. 

Wilburne, M., and Langendorf, R.: Significance of the Electrocardiogram With Prominent 
S Waves in Lead I, II, and III, J. Lab. & Clin. Med. 28:303, 1942. 

LaDue, John S., and Ashman, Richard: Electrocardiographic Changes in Acute Glomer 
ulonepbritis, AM. HEART J. 31:685, 1946. 

Winternitz, M.: The Initial Complex of the Electrocardiogram After Infarction of the 
Human Heart, Am. Heart J. 9:616, 1934. 

Hurwitz, M. M., Langendorf, R., and Katz, L. N.: The Diagnostic QRS Patterns in Myo 
cardial Infarction, Ann. Int. Med. 19:924, 1943. 

Goldberger, Emanuel: An Interpretation of Axis Deviation and Ventricular Hypertrophy, 
Am. Heart J. 28:621, 1944. 

Goldberger, E.: A Simple, Indifferent, Electrocardiographic Electrode of Zero Potential 
and a Technique of Obtaining Augmented, Unipolar, Extremity Leads, AM. HEAR’ 
J. 23:483, 1942. 

Vizcaino, M., Sodi Pallares, D., and Cabrera, E.: Electrocardiograms With S;, S2, and S;, 
Arch. Inst. cardiol. Mexico 14:261, 1945. 

Wilson, Frank N., and others: The Precordial Electrocardiogram, AM. HEART J. 27:19, 
1944. 

Gardberg, Manuel, and Ashman, Richard: The QRS Complex of the Electrocardiogram, 
Arch. Int. Med. 72:210, 1943. 

Master, A. M.: The Electrocardiogram and X-ray Configuration of the Heart, Ed. 2, 
Philadelphia, 1942, Lea & Febiger, p. 302. 

Sussman, M. L., Steinberg, M. F., and Grishman, A.: Contrast Visualization of the Heart 
and Great Vessels in Emphysema, Am. J. Roentgenol. 47:368, 1942. 


0. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 


Clinical Reports 


“ANGIOMESOHYPERPLASIA”: A GENERALIZED NONINFLAMMA- 
TORY OCCLUSIVE ARTERIAL DISEASE 


THORPE Ray, M.D., H. Kart Stauss, M.D., AND GEORGE E. Burcu, M.D. 
NEW ORLEANS, LA. 


HILE occlusive vascular disease syndromes have frequently been de- 

scribed in white men, this form of disease has been relatively rare in the 
Negro. Some investigators are convinced that thromboangiitis obliterans has 
been found in Negro men,! but most writers in the field are unwilling to recognize 
such an entity in them. Recently, a new form of occlusive vascular disease has 
been reported by Yater and Roberts.*. In the two patients recorded by these 
authors, the clinicopathologic picture of unknown cause differs from the usual 
Buerger's or arteriosclerotic vascular disease. The case which we are presenting 
demonstrates still another variation of arterial disease which may be, but is 
probably not, a variation of the entity described by Yater and Roberts. 


CASE REPORT 


T. L., a 43-year-old Negro janitor entered the Hutchinson Memorial Clinic of Tulane Medical 
School on Sept. 27, 1945, complaining of pain in the left calf on walking more than two blocks, 
and an intermittent “heavy feeling” over the precordium associated with burning pains radiating 
along the medial aspect of the left arm. The present illness began about three years prior to 
admission. Initially, he had a “tired’’ feeling in the calves of his legs. The discomfort progressed 
gradually to the cramping of intermittent claudication. The latter developed about seven months 
before coming to the Hutchinson Clinic. One year prior toadmission, he noticed heavy sensations 
over the precordium on moderate exertion. The first severe attack occurred two months before 
admission. At that time, he had a severe crushing precordial pain which occurred after his 
evening meal and lasted twelve hours. The pain was accompanied by nausea, sweating, and 
dyspnea. He remained in bed the following day, but he was able to resume regular work there- 
after. Subsequent to this episode of pain he continued to have precordial discomfort, with pain 
radiating along the medial aspect of the left arm on slight exertion or excitement. These attacks 
usually lasted ten to fifteen minutes. In the past he fainted on two occasions without any known 
prodromata or sequelae; in both instances, the syncope followed paroxysms of coughing. His 
vision had been impaired for several years. There were no headaches, vertigo, ataxia, epistaxis, 
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hemoptysis, pulmonary disease, or complaints referable to the gastrointestinal or genitourinary 
systems. His family history was irrelevant. For years he had been smoking as many as twenty 
cigarettes daily, but rarely consumed alcohol. 

Physical examination revealed a moderately obese, middle-aged Negro man, who appeared 
anxious about his condition. The pulse rate was 92, respiratory rate, 20 per minute, and the 
blood pressure was 158/100. The physical examination was essentially normal. The salient 
findings follow. The retinal arteries were slightly sclerotic. The apex impulse was not visible; 
the point of maximum impulse was palpable in the fifth intercostal space in the midclavicular line. 
The cardiac rate and rhythm were normal. A faint systolic apical murmur heard initially was not 
present on subsequent examinations. The reflexes were equal bilaterally, but hypeactive. The 
extremities showed both legs to be rather cold, but the left was colder. No varicosities, abnormal 
pigmentation, nor trophic changes were noted. The pulsations of the dorsalis pedis, posterior 
tibial, and popliteal arteries were absent bilaterally; the femoral arteries pulsated feebly. The 
common carotid arteries pulsated normally, while the radial and temporal arteries showed de- 
creased pulsations. 


Laboratory Data.—The urine on repeated examinations was normal. Urine concentrations 
reached values from 1.024 to 1.027. The nonprotein nitrogen of the plasma was 40 mg. per 100 
cubic centimeters. The hemogram on admission revealed 5,400,900 erythrocytes, 90 per cent 
hemoglobin, and 10,200 leucocytes with a normal differential count. Blood serology was negative. 
A teleroentgenogram was normal. Both legs and feet failed to show calcification of the vessels 
or bone changes on x-ray examination. The initial electrocardiogram (Sept. 27, 1945) showed 
typical changes of an old posterior infarct. Four subsequent tracings revealed considerable 
improvement (Fig. 1). 
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Fig. 1.—The serial electrocardiograms show an old posterior infarct with a gradual return 
toward normal. 
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ADDITIONAL OBSERVATIONS 


Histologic Study —On November 14, a biopsy was made of the left posterior 
tibial artery. At the time of surgical removal of a segment of this artery, it 
was found to be cordlike, free from evidences of periarterial inflammation, and, 
on severance, no blood flowed from the cut ends. Due to misunderstanding, a 
segment of vein was not removed and because of the impaired circulation to the 
part and marked delay in healing (eight months) at the site of arterial biopsy 
it was deemed inadvisable to subject the patient to another biopsy to obtain 
a segment of vein. 


ar 
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Fig. 2.—Sections of a segment of the left posterior tibial artery removed at biopsy. A is stained 
by the hematoxylin-eosin method, B and C by Verhoeff's elastic stain. Consult text for details. 


The segment of artery was sent to Dr. Charles Dunlap,* who is responsible 
for the histologic examinations (Fig. 2) and the following report. 

‘The specimen consists of a segment of artery 2.4 cm. long and 0.2 cm. in 
diameter. One end is flattened and shows the marks of forceps. The adventitia 
is smooth, white, and glistening. The arterial wall is thickened, tough, and 


*Department of Pathology, Tulane University School of Medicine. 
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rubbery. Multiple transverse cuts reveal a small lumen varying from a slitlike 
opening measuring 0.1 cm. in greatest diameter to a minute round opening of 
pinhole caliber. There is no corresponding variation in the external diamete: 


of the vessel. 

“Segments of the artery taken at five different levels were sectioned and 
stained with hematoxylin and eosin, Verhoeff's elastic tissue stain, and Mallory’s 
aniline blue. Microscopic examination reveals remarkably little in the way of 
pathologic change apart from a thickened media and a small lumen. No inflam- 
mation is present. The endothelium appears normal. The intima is rich in 
elastic fibrils, but is not thickened. The media is thickened in relation to the 
diameter of the vessel and the caliber of the lumen. The media is normal his- 
tologically, being composed principally of smooth muscle fibers with scattered 
elastic tissue fibrils. The connective tissue stain shows no more than the normal 
amount of collagen. The adventitia of the vessel is made up of coarse bundles 
of collagen instead of the usual delicate fibrous reticulum. Small blood vessels 
are numerous in the adventitia, and elastic tissue fibrils are somewhat more 
abundant than usual. 

“No specific diagnosis can be made. The principal findings are a relative 
thickening of the media and a noninflammatory fibrosis of the adventitia. Al- 
though the adjacent vein and perivascular tissues were not available for exami- 
nation, the changes present in the artery are not of such a nature as to warrant 
a diagnosis of Buerger’s disease. Occlusion of the vessel at a higher level might 
conceivably have caused these minor changes even though no obliterative end- 
arteritis is present.”’ 


Thermocouple Studies: On Dec. 20, 1945, the patient rested recumbent in a 
hospital type of bed in a draft-free, air conditioned room (temperature 80° F., 
relative humidity 26 per cent). After a period of sixty minutes’ rest, recordings 
of the skin temperature measurements were made bilaterally for the (1) anterior 
surface of the midthigh, (2) medial aspect of the knee, (3) anterior surface of 
mid leg, (4) dorsum of foot, and (5) dorsum of third toe. After base line levels 
were obtained, a left lumbar sympathetic procaine block was performed and 
the changes in skin temperature followed (Fig. 3). It can be seen that the parts 
which were initially cold gradually warmed. This was true for the left side with 
the Jumbar sympathetic block as well as the right side without block. The 
dorsum of the left foot was warmer initially than the same area on the right and 
it, therefore, changed little in temperature with rest in the comfortable room. 
One is forced to conclude that no change in temperature was produced by the 
lumbar sympathetic block. 

On May 5, 1946, essentially two months after left lumbar sympathectomy, 
the temperature of both lower extremities was essentially the same, except that 
the third toe on the sympathectomized side was definitely warmer. The experi- 
mental conditions were the same as on Dec. 20, 1945. 

On Aug. 26, 1946, the temperature measurements were repeated under 
identical circumstances, except that the room was made cool (temperature 
70° F., relative humidity 72 per cent) in order to ascertain any difference in the 
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Fig. 3.—-Variations in skin temperature recorded for the lower extremities before and after procaine 
blocking of the left lumbar sympathetic nerves and after left lumbar sympathectomy. There were no 
significant differences between the reactions in the two extremities. The rise in temperature bilaterally 
after sympathetic nerve blocking apparently resulted from a gradual warming of previously cold feet. 
The terminal portions of the records show a more rapid cooling of the right leg in the cool environment 
than the left sympathectomized one. 
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rate of cooling of the lower extremities as the patient rested quietly in bed. 
It is seen in Fig. 3 that the left lower extremity with the lumbar sympathectomy 
cooled more slowly than the right extremity with an intact sympathetic nervous 
system, thus indicating a more adequate circulation on the left or sympathecto- 
mized side. 


The Plethysmograms: Plethysmographic recordings were made simulta- 
neously with the temperature measurements by a method previously described.’ 
The tips of right index finger and the right and left second toes were observed. 
The plethysmograms (Fig. 4) showed an absence of pulse deflections in the tips 
of the toes (plethysmograph sensitive to 0.1 c. mm.), while those in the tip of 
the right finger were normal. The alpha deflections were small in the toes and 
normal in the finger. Sympathetic nerve block by procaine and heat to the 
entire body failed to change the status of the pulse and alpha deflections in the 
toes. Heat increased the pulse deflections in the finger (Fig. 4). After left 
lumbar sympathectomy was performed on March 2, 1946, pulse deflections 
appeared for the first time, although they are barely visible, 0.1 mm. (Fig. 4). 
Since pulse deflections developed bilaterally, although sympathectomy was 
limited to the left lower extremity, the influence of the operation is difficult to 
evaluate. 


Progress Notes: The patient had been studied over a period of eighteen 
months. When first seen, a bilateral lumbar sympathetic novocain (1 per cent) 
block was done. Following this procedure, the patient experienced a sensation 
of warmth beginning four to five hours after the injection, and he volunteered that 
he could walk approximately twice the usual distance before developing calf 
pain. These novocain blocks were repeated on several occasions with the same 
subjective results. At no time, however, was there definite objective evidence 
of marked temperature changes nor any demonstration of pulsations which 
were previously absent. On November 14, a biopsy of the left posterior tibial 
artery was obtained. The severed end of the artery did not bleed. The patient 
began to experience pain at rest in the left calf muscles. He received bromides 
for sedation, aminophylline, and alcohol without any objective or subjective 
changes in the lezs or biopsy wound. Buerger’s exercises, novocain blocks, 
tubbings at body temperature, and leg exercises under water provided but little 
subjective relief and no improvement in wound healing. 

The patient was admitted to Charity Hospital on Feb. 20, 1946. There 
the clinical findings were essentially the same as before. On March 2, Dr. Mims 
Gage* performed a left lumbar sympathectomy, resecting the second, third, 
and fourth lumbar ganglia. Following the sympathectomy, the pain at rest 
disappeared. The left leg felt warmer than the right leg, but at no time during 
his hospital stay were there any demonstrable pulsations in the large arteries of 
the legs. He had an uneventful recovery and was discharged. 

He was seen at his home on April 25, 1946. Pulsations were noted for the 
first time in both dorsalis pedis arteries and in the right posterior tibial artery. 


*Department of Surgery, Tulane University School of Medicine. 
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The left foot and leg were warmer than the right foot to touch. On May 5, 1946, 
he was examined in the laboratory and further physiologic observations were 
made. The blood pressure was 120/80. The funduscopic examination revealed 
only slight thickening of the retinal arteries. The dorsalis pedis arteries pul- 
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Fig. 4.—Plethysmograms of the tips of the right index finger and right and left second toes. The 
pulse and alpha deflections of the finger tips responded to variations in environmental temperature in 
a normal fashion, while there were no pulse deflections in the tips of the second toes regardless of the 
temperature changes (Dec. 13, 1945, May 4, 1946). There were alpha deflections in the tips of the toes, 
however, but they also failed to be changed by temperature variations. Left lumbar sympathetic block 
on Dec. 20, 1945, likewise produced no pulsatile changes. After left lumbar sympathectomy performed 
on March 2, 1946, small but definite pulse deflections appeared in the toes and have persisted. This 
may have been coincidental since they were present bilaterally while the operation was unilateral. 
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sated, but they were not as strong as they had been ten days previously. The 
biopsy site had improved but was not healed (approximately six months afte: 
the biopsy). The left leg showed atrophy of the muscles but the skin was normal. 
He was examined again on Aug. 26, 1946. The ulcer had healed about one 
month previously, and the surrounding skin was normal. The eyegrounds had 
not changed since previous observations. The dorsalis pedis artery pulsations 
were feeble bilaterally. The slight atrophy of the left leg was attributed to disuse. 
Except for three slight elevations recorded initially, the blood pressure 
remained within normal limits during the entire period of observation. 


DISCUSSION 


The patient described had an organic arterial occlusive disease indicated 
by the clinical and physiologic observations and biopsy. The biopsy findings 
showed the disease to be different from thromboangiitis obliterans and more like 
the condition described by Yater and Roberts.?2, However, the histologic findings 
are somewhat different from those described by the latter two observers. In 
fact, the disease described in this report may be an entirely new one. Unfor- 
tunately, circumstances prevented more complete biopsy studies. The fact 
that this patient was a Negro and the two patients of Roberts and Yater were 
also Negroes does not constitute sufficient evidence to warrant a conclusion that 
the white race is free of the disease. It is exceedingly important that more pa- 
tients be studied in order to establish properly this new disease entity. 

The biopsy resulted in a chronic ulcer which healed very slowly. The more 
rapid rate of healing following the lumbar sympathectomy supports the value of 
sympathectomy as a therapeutic procedure. This is further supported by the 
tendency of the sympathectomized leg to remain warm in a cool environment 
while the other approached room temperature. The presence of essentially 
equal pulse deflections in bilateral plethysmograms does suggest that the disease 
might have been in a spontaneous remission. The failure of vasodilation to 
follow sympathetic procaine block is also in support of the latter concept. 

That the disease is generalized is evidenced by the cccurrence of a coronary 
occlusion, feeble pulsation in the femoral arteries, and absence of pulsations in 
the popliteal artery and its branches. There were diminished pulsations in the 
temporal and radial arteries. 

Throughout the period of observation there had been no evidence of change 
in the renal circulation. The microscopic findings in the urine have been normal 
and urine has reached concentrations of 1.027. The blood urea nitrogen has 
remained normal on repeated examinations. 

Unlike the patients reported by Yater and Roberts,* our patient had no 
cerebral vascular episodes nor any symptoms referable to the nervous system 
except two instances of syncope which followed paroxysms of coughing. 

There had been no tenderness over the arteries and veins and the micro- 
scopic examination of the artery did not suggest that the disease was inflam- 
matory in nature. Because this disease entity might be more than a medical 
curiosity and, therefore, confront clinicians in the future, it is considered neces- 
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sary to tag the syndrome by an appropriate term. Since the syndrome is little 
known, especially etiologically and only to a very limited extent histologically 
and physiologically, the noncommittal term ‘‘angiomesohyperplasia”’ is suggested. 


SUMMARY 


An adult Negro with occlusive vascular disease has been described. The 
disease was generalized, but affected principally the arteries of the lower extremi- 
ties and heart. Thermocouple and plethysmographic studies confirmed the 
occlusive nature of the disease, which was further substantiated by biopsy 
studies. The etiological nature of the disease is not apparent; therefore, a 
descriptive name, ‘‘angiomesohyperplasia,” has been submitted for the syndrome. 
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RUPTURE OF THE HEART FOLLOWING ACUTE 
MYOCARDIAL INFARCTION 


INCIDENCE IN A PuBLic HosPITAL, WITH FIVE ILLUSTRATIVE CASES 
INCLUDING ONE OF PERFORATION OF THE INTERVENTRICULAR 
SEPTUM DIAGNOSED ANTE MORTEM 


R. S. Dtaz-Rivera, M.D.,* anp A. J. MILLER, M.D. 
LOUISVILLE, Ky. 


UPTURE of the heart following coronary artery occlusion with infarction 

has been a pathologic rarity until recent years, and its clinical evaluation 
has not been well recognized by physicians. 

In 1925, Krumbhaar and Crowell! made a thorough review of 654 cases of 
cardiac rupture, including an analysis of twenty-two cases of their own. They 
concluded that the perforation usually develops in the wall of the left ventricle, 
that it usually occurs in the aged, and that it is practically always due to coro- 
nary disease. They found the lesion to be more frequent in the anterior surface 
of the left ventricle following acute coronary artery thrombosis, and less frequent 
in slow occlusion of these vessels. Rupture of a ventricular aneurysm from a 
chronic infarct is a rarity. In 1940, Martland? reported forty-two cases of 
rupture of the heart among 2,000 patients who had died suddenly. In the 2,000 
cases, coronary occlusion with thrombosis was encountered in 304, and ‘‘coro- 
nary insufficiency” in 112. There were 59 aneurysms of the left ventricle, but 
none ruptured. Thus, 13.8 per cent of all cases presenting acute coronary 
artery thrombosis with fresh infarction, and 5.75 per cent of all patients suffer- 
ing from coronary heart disease, died from cardiac rupture. In 1942, Edmondson 
and Hoxie® found an incidence of 8 per cent of cardiac rupture among 865 cases 
of recent myocardial infarction in an analysis of 25,000 patients upon whom 
necropsies had been performed. In 1944, Friedman and White‘ reported 270 
cases of myocardial infarction, 105 recent and 165 healed. Among the healed 
lesions, numerous ventricular aneurysms were observed without a single rupture. 
Of the 105 cases of recent infarction, rupture of the heart occurred in ten in- 
stances (9.5 per cent). In every case, the mechanism of death was attributed to 
tamponade due to hemopericardium. Four of their patients had hypertension, 
seven were men and three, women; the youngest was 51 years and the oldest, 80 
years, the average age being 65.7 years. Five of the patients were inadequately 
treated in relation to bed rest. In eight instances the anterior descending branch 
of the left coronary artery was acutely occluded, and the circumflex branch in 


From the Departments of Medicine and Pathology, University of Louisville School of Medicine, 
and the Cardiovascular Clinic of the Louisville General Hospital. 

Received for publication November 26, 1946. 

*At present Chief of the Medical Services of the City Hospital, San Juan, Puerto Rico. 


126 


DIAZ-RIVERA AND MILLER: RUPTURE FOLLOWING MYOCARDIAL INFARCTION 127 


two. Death was sudden in every instance, occurring two to ten days after the 
onset of the infarction. In 1944, also, Jetter and White® reported a series of 
twenty-two cases of fresh myocardial infarction occurring among inmates of a 
mental institution. Sixteen (72.7 per cent) died from tamponade following rup- 
ture of the heart. Ten were men and 6, women; the youngest was 48 years and 
the oldest, 83 years, the average age being 66.5 years. Fourteen (87.5 per cent) 
had had hypertension, and only one complained of anginal pain. Ten were 
ambulatory, four had partial bed rest, and only two were in bed for the last 
twelve hours of their lives. The clinical diagnosis of myocardial infarction was 
missed in every case. The location of the infarct through which the rupture 
occurred was as follows: anterior wall of left ventricle in five, the posterior wall 
in two, and the lateral wall in one instance. Both the left ventricular wall and 
the interventricular septum were sites of infarcts in seven cases, while in one, 
both ventricles and interventricular septum were similarly affected. Presumably, 
death occurred within the first two weeks after onset of infarction in fourteen 
cases, and within three weeks in two cases. These authors failed to discover a 
single case of cardiac rupture among twenty-five cases of healed myocardial 
infarcts studied in the same institution. 

Rupture of the interventricular septum following myocardial infarction is 
of rarer occurrence. Latham® reported the first case in 1845. In 1934, Sager’? 
was able to collect eighteen cases from the literature. In 1942, there were thirty- 
four cases on record, and until 1943, only one more case had been added; only 
five cases had been diagnosed ante mortem. Recently, Master and Russell® 
have reported a case of interventricular septal rupture following acute myocar- 
dial infarction complicated by obstruction of the superior vena cava which they 
were able to diagnose ante mortem. 


MATERIAL 


Among 1,250 autopsies performed at the Louisville General Hospital during 
the last five years (1939 to 1944), a total of 147 cases presented myocardial in- 
farction. Of these, ninety-four were old infarcts and fifty-three were fresh in- 
farcts. Of the cases of recent infarction, five died from rupture of the heart. 
None of the hearts presenting chronic infarction had ruptured. In four, there 
was perforation of the left ventricle, and in one, rupture of the interventricular 
septum. Thus, 9.5 per cent of the cases with recent infarction died from rup- 
ture of the heart. All the cases that presented perforation of the left ventricle 
died from tamponade following hemopericardium. 


CASE REPORTS 


Case 1.—M. C., a 74-year-old white housewife was first seen in the Medical Clinics of the 
Louisville General Hospital on April 24, 1941. At that time she complained of dyspnea on ex- 
ertion, headaches, and dizzy spells. Her blood pressure was 200/100. Urinalysis revealed a 
specific gravity of 1.009 and a trace of albumin. Symptomatic treatment failed to change her 
blood pressure, and her original complaints intensified. On March 11, 1944, she developed 
nausea and vomiting and severe dizziness accompanied by unquenchable thirst. Two days later, 
she developed a severe pain in the precordium, accompanied by dyspnea which required hospitali- 
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zation on March 14, 1944. Her past and family histories were essentially negative except fo: 
evident memory changes during the past three years. 

On admission she had a temperature of 101° F., a pulse rate of 140 per minute, and a blood 
pressure of 182/102. Moist rales were heard over both lung bases and her heart was enlarged 
to the left and down. A systolic murmur was heard in all valve areas. The physical exploration 
was negative otherwise. Blood studies on admission revealed a white cell count of 14,500, with 
80 per cent polymorphonuclear leucocytes, and the sedimentation of erythrocytes was markedly) 
hastened. Examination of the urine showed a moderate amount of albumin and a specific gravity 
of 1.005. 

In spite of absolute rest in bed and medication with aminophylline and papaverine in proper 
doses, her temperature increased to 103° Fahrenheit. On March 15, 1944, while talking to the 
nurse, she was taken with severe pain in the precordium and became cyanotic, raised her arms, 
and died. 


Necropsy: On opening the chest cavity, the pericardial sac was found to be bulging with 
160 c.c. of liquid blood and 240 Gm. of clot. After removal of the pericardial contents, the heart 
weighed 350 grams. Just to the left of the anterior interventricular sulcus, near the apex, a 
jagged, longitudinal slit in the epicardium measuring 3 cm. in length and surrounded by an ecchy- 
motic area was observed. Exploration with a blunt probe demonstrated that the underlying 
myocardium was undermined for a distance of 1 cm. in all directions, and that there were several 
circuitous tracts connecting the left ventricular cavity with the outside. A blood clot measuring 
2 cm. in length was occluding the circumflex branch of the left coronary artery. Severe sclerosis, 
with partial or complete occlusion, was observed in all the coronary vessels. Multiple myo- 
cardial scars throughout and one large fresh infarct at the point of rupture were demonstrated. 
There were several fresh infarcts in both lungs, and there was evidence of marked nephrosclerosis. 


Case 2.—M. V., a 78-year-old white widow, was first seen in the Louisville General Hospital, 
on Aug. 1, 1937, with remnants of a left-sided hemiplegia which occurred in December, 1936. 
At the time of admission, she complained of headaches and dizzy spells. Her blood pressure was 
190/110. Her heart was enlarged to the left on percussion. She was treated symptomatically 
in the Medical Clinics for three years with little, if any, improvement. On June 26, 1939, she was 
admitted to the hospital in a critical state of shock. Six days before she had felt below par, had 
had dyspnea, and went to bed. At about 3:30 A. M. on the day of admission, she awakened her 
daughter with a cry. On arrival at the hospital she was gasping for breath, her pulse was not 
felt, and the blood pressure could not be measured. In spite of strenuous measures, she died 
at 5:40 A. M. 


Necropsy: The pericardial cavity was filled with a layer of coagulated blood measuring 2 
cm. in thickness. After removal of the clot, two areas of hemorrhage, one messuring 2 cm. and 
the other 0.5 cm. in diameter, were observed in the posterior aspect of the left ventricular wall. 
On further exploration, in the center of the ecchymotic areas two perforations were seen which 
were found to join at some depth in the wall and to form a single sinus, which opened into the 
cavity of the left ventricle, near the apex, where a jagged tear was visible. Practically two- 
thirds of the posterior wall of the left ventricie was necrotic and hemorrhagic. The remainder 
of the myocardium of the left ventricle was studded with scars, many of these being quite large. 
The coronary arteries were markedly sclerosed, and the left circumflex branch was completely 
occluded by a thrombus. 


Case 3.—Z. C., a 51-year-old white widow, was admitted to the Louisville General Hospital 
on Jan. 22, 1943. She stated that for the last five days she had been feeling dizzy, and that forty 
hours previous to admission, while sitting on a chair, she had been seized with a very severe 
stabbing pain in the precordium, radiating down her arms, and extreme dyspnea. She had no 
previous history of anginal pain. 

On examination, the pain was continuous, the dyspnea intense, and she was vomiting pro- 
fusely. Her blood pressure was 140/110; temperature, 98.4° F.; pulse rate, 120; and the respira- 
tions, 32 per minute. Moist rales were heard over both lung bases, and the heart was enlarged 
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to the left and down, and the sounds were distant with occasional extrasystoles. She was given 
morphine sulfate and atropine, the pain subsided, and she felt more comfortable. 

On admission, a white blood count showed 9,000 cells per mm., of which 78 per cent were 
polymorphonuclear leucocytes. The erythrocyte sedimentation rate was hastened. An electro- 
cardiagram demonstrated bundle branch block and changes suggesting a fresh infarct in the 
anterior surface of the left ventricle. 

On Jan. 23, 1943, she complained of ‘‘fluttering of the heart,’’ and was very anxious. The 
skin was moist and clammy and her heart was very irregular, the rate being about 172 per minute. 
Later in the day her pulse was 190 per minute, and her blood pressure was 78/62. Digitalis was 
administered intravenously, and she responded fairly well. On Feb. 2, 1943, her temperature 
was 101° Fahrenheit. She complained of annoying pains in the precordium and her blood pressure 
was 104/66. On Feb. 4, 1943, she suddenly developed extreme dyspnea and cyanosis, and died 
within a few seconds. 

Necropsy: The pericardial cavity was filled with liquid and coagulated blood, part of which 
was beginning to organize. The heart weighed 400 grams. On the anterior surface of the left 
ventricle, near the apex, a fresh infarct 2.5 cm. in diameter was found which involved part of 
the interventricular septum. The infarcted area was very soft, and a tear about 5 mm. in length 
was seen extending by circuitous sinuses into the interior of the left ventricle. About 2.5 cm. 
from its origin a clot was found occluding the anterior descending branch of the left coronary 
artery. There was severe sclerosis of the other coronary arteries, with a reduction of their lumina, 
but no old infarcts were observed. The affected portion of the interventricular septum was so 
soft that dull probes could be passed through it-without difficulty. 


Case 4.—A. McF., a 63-year-old white woman, was first seen in the clinics of the Louisville 
General Hospital on Jan. 10, 1941, complaining of dyspnea and orthopnea of three years’ duration. 
The blood pressure at that time was 150/94 and her extremities were moderately edematous. 
On Aug. 7, 1942, she complained of pain in the back and abdemen, as well as of dizzy spells. At 
that time she presented some enlargement of the heart and her blood pressure was 170/90. On 
June 28, 1943, she was admitted to the hospital because of pain in the abdomen, vomiting and 
constipation, and severe dyspnea and orthopnea. On physical examination, her blood pressure 
was 170/90, her temperature was 100° F., pulse rate, 100, and respirations, 26 per minute. Her 
symptomatology suggested a low intestinal obstruction, and she was transferred to the surgical 
wards on June 29, 1943. She was given intravenous fluids (7,000 c.c.) and treated by Wangen- 
steen suction. On July 5, 1943, her abdomen was less distended and she felt better, but on July 
8, 1943, she suddenly developed severe orthopnea, became cyanotic, and died in fifteen minutes. 
(She had a leucocytosis of 18,350 on the day before death, and her temperature had gone up to 
103° Fahrenheit.) 


Necropsy: The pericardial cavity was distended with 500 c.c. of clotted blood. On the 
anterior surface of the left ventricle, near the apex, a large fresh infarcted area was observed. 
There was a ragged tear in the epicardium measuring 8 mm. in length. This external opening 
communicated by multiple sinuses with the cavity of the left ventricle. A large thrombus was 
found to be occluding the anterior descending branch of the left coronary artery, about 2 cm. 
from its origin. Marked sclerosis with reduction of the lumina was seen in all the coronary arteries, 
and areas of myocardial scarring were visible both grossly and microscopically. Aside from the 
cardiac findings, there were pelvic abscesses and multiple intestinal adhesions. 

Case 5.—E. G. H., a 65-year-old white man, was admitted to the Louisville General Hospital 
on July 23, 1943, with a severe pain in the precordium radiating to the left arm and accompanied 
by intense dyspnea. He stated that for the last few years he had had similar attacks of paroxysmal 
precordial pain lasting from 15 to 30 minutes, and usually precipitated by excercise. On the 
day of admission he had had an anginal seizure which was so severe that he could not move and 
gasped for breath. 

On examination, his temperature was 101° F.; pulse rate, 110; and respirations, 30 per minute. 
His blood pressure was 160/95. His heart was enlarged to the left but no murmurs were heard. 
A white cell count of 16,400 per c.mm. with 87 per cent polymorphonuclear leucocytes was re- 
corded on the day of admission. 
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On his second hospital day, a systolic murmur was heard at the apex and third intercostal 
space to the left of the sternum, which increased in intensity as the hours passed. The blood pres- 
sure was 75/50 by 1:00 p.m. An electrocardiogram taken at this time showed a right axis devia- 
tion, multipie premature ventricular contractions, and changes suggesting anterior infarction 
of the left ventricle. At 2:10 Pp. M. of the same day, his systolic blood pressure was 50 mm. Hg. 
(the diastolic pressure could not be determined) his temperature was 104 degrees F., Cheyne- 
Stokes respirations were present, and his pulse rate was 20 per minute. A few minutes later, the 
murmur became harsher, and he died after becoming deeply cyanotic. The clinical diagnosis 
was anterior myocardial infarction with rupture of the interventricular septum. 


Necropsy: On the anterior surface of the left ventricle near the apex, a large fresh infarct 
measuring 2.5 cm. in diameter was seen surrounded by an ecchymotic area which included part 
of the apex. A ragged hole 1 cm. in diameter was discovered in the interventricular septum about 
1.5 to 2 cm. from the apex. The coronary arteries were sclerotic, with marked reduction of their 
lumina, but the examiner failed to discover an occluding thrombus in the anterior descending or 
circumflex branch of the left coronary artery. Aside from the cardiac findings, there were micro- 
scopic signs of early bronchopneumonia and benign nephrosclerosis. 


ANALYSIS OF CASES 


In spite of the smali number of cases presented in this paper, certain signifi- 
cant facts deserve consideration. The incidence of rupture of the myocardium 
following acute myocardial infarction was 9.4 per cent. This is in agreement 
with the latest reports.*** The average age was 66.2 years, with variations of 
51 to 78 years. Alli of our patients belonged to the white race. Four subjects 
had hypertension; from one (Case 5) no record of the blood pressure was ob- 
tained previous to admission. Two patients were not properly treated in re- 
lation to medication and bed rest. The accident occurred in the home of one 
(Case 2), and she was dead a few minutes after admission to the hospital. The 
other (Case 4) had symptoms of intestinal obstruction masking the picture of 
myocardial infarction; as a result treatment was not directed to the heart. In 
the other three cases, the treatment for myocardial infarction was propitious 
by all standards, and the patients died in bed while receiving proper medication. 
The high temperature recorded in these patients suggested severe myocardial 
damage, and in all but two, electrocardiographic evidence of the infarction was 
obtained. 

The ante-mortem diagnosis of rupture of the interventricular septum in 
Case 5 was based upon the history which suggested acute myocardial infarction, 
the sudden appearance of a systolic murmur which was best heard near the 
cardiac apex and which increased in intensity as the hours elapsed, and the 
electroeardiographic findings consisting of evidence of anterior myocardial in- 
farction and right axis deviation. 

All the patients died within two to thirteen days after the onset of the 
myocardial infarction, with an average survival of 6.2 days. This is confirma- 
tory of the findings of others that rupture of the heart occurs, as a rule, within 
ten to fourteen days after the onset of myocardial infarction.‘* The period of 
survival after the cardiac rupture in three cases where enough information 
could be obtained to exactly fix the time varied between two hours and ten 
minutes, and two days. Evidence that death did not occur instantaneously 
with the perforation was obtained at autopsy. In every case of rupture of the 
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left ventricle, large amounts of ante-mortem clot were seen in the pericardial 
cavity; in Case 3, the clot was beginning to organize. 

All deaths from rupture of the left ventricle could be attributed to tampon- 
ade, and in every instance a large infarct in different stages of liquefaction 
was observed. In three patients, an infarcted area was seen on the anterior sur- 
face of the left ventricle; in one, on the the posterior surface; and in three, there 
was involvement of the interventricular septum as well as the left ventricular 
wall. One or more points of perforation, varying in size and, as a rule, jagged, 
were seen in every case. These were seen on the anterior surface of the left 
ventricle in three instances, on the posterior surface in one, and in the inter- 
ventricular septum in another. The perforation in the interventricular septum 
was 1.5 to 2 cm. from the cardiac apex. In four patients there was thrombosis 
of one of the main branches of the coronary arteries, mainly the anterior de- 
scending and the circumflex. In one instance (Case 5) there was marked narrow- 
ing of the lumina of the coronary arteries, but no thrombosis was demonstrated. 
in every patient marked arteriosclerosis of these vessels was observed (Table I). 


COMMENT 


The various causes of rupture of the wall of the heart or the interventricular 
septum may be either traumatic, ulcerative, or secondary to massive infarction 
following thrombosis or marked narrowing of the major branches of the coronary 
arteries. The traumatic variety of rupture is by far the most common, and 
results, as a rule, from stab or bullet wounds of the heart. Rupture due to ulcera- 
tion is rare and is always secondary to acute bacterial endocarditis. Perforation 
of the interventricular septum may be congenital, as a rule occurring in the 
upper portion or membranous portion of the septum, in contradistinction to the 
acquired type which is found, as a rule, in the thicker portion near the apex of 
the heart. 

In this paper we are dealing with the type of perforation which results from 
massive myocardial infarction following coronary artery occlusion. The mecha- 
nism of spontaneous rupture in these cases is not well understood. But, no doubt, 
liquefaction necrosis in the infarcted tissue weakens the walls of the heart to a 
marked degree. Rupture probably occurs during systole, perhaps following an 
increase in the intraventricular pressure precipitated, in the majority of oc- 
casions, by physical exertion. 

It is known that the intraventricular pressure is greater in the erect than 
in the supine position, and that the cardiac output is increased during physical 
exertion. The increase in cardiac output is associated with an increase in the 
diastolic volume of the heart and, thus, an increase in the volume of the left 
ventricle at the beginning of systole. This may be contributory to the greater 
incidence of rupture of the myocardium following infarction among ambulatory 
patients than among those kept in absolute bed rest for a few weeks. 

The clinical picture of cardiac rupture secondary to myocardial infarction 
is that of acute coronary artery occlusion with sudden death. The great ma- 
jority of the cases of rupture of the ventricular wall are not diagnosed clinically. 
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The clinical diagnosis of rupture of the interventricular septum is based 
upon the sudden appearance of a loud systolic murmur, best heard over the fourth 
and fifth intercostal spaces to the left of the sternum fcllowing myocardial in- 
farction. On occasion, a thrill can be palpated over the same areas. Further- 
more, this systolic murmur becomes harsher with time. Auriculoventricular 
conduction defects are rarely present in this condition, and the electrocardio- 
graphic tracings show changes consistent with myocardial infarction, and right 
ventricular strain. The period of survival after the accident may vary from a 
few hours to eight months.® 


SUMMARY AND CONCLUSIONS 


1. Ina series of 1,250 consecutive autopsies performed at the Louisville 
General Hospital during the past five years, there were 147 cases of myocardial 
infarction. Of these, fifty-three were acute, and ninety-four were chronic. 

2. Rupture of the heart was observed in five instances. This accident 
occurred exclusively in patients with acute infarction. In four patients, there 
was rupture of the wall of the left ventricle, and in one, perforation of the inter- 
ventricular septum. Thus, 9.4 per cent of the patients of this series with acute 
infarction died from this accident. 

3. Rupture of the interventricular septum was recognized ante mortem. 
Diagnosis was based upon the history of severe anginal pain, the sudden ap- 
pearance of a systolic murmur which rapidly increased in intensity, and the 
electrocardiographic evidence of myocardial infarction and right axis deviation. 

4. In every instance of rupture of the left ventricle, ante-mortem clotting 
in the pericardial sac was observed, and in one case, this clot was beginning to 
organize. It is evident that in the majority of the patients of this series death 
did not occur instantaneously with cardiac rupture resulting from acute myo- 
cardial infarction. 
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PAROXYSMAL AURICULAR TACHYCARDIA AT A RATE OF 
86 PER MINUTE 


REPORT OF A CASE 


RALPH MILLER, M.D., DAvip BIBER, M.D., AND 
Juius S. PERELMAN, M.D. 


NewakRkK, N. J. 


URING a paroxysm of auricular tachycardia the heart beat is usually 

excessively rapid, and a rate of less than 140 per minute is exceptional. 
Lewis! stated that the rate may be as low as 110 per minute. Miller and Perel- 
man? recently reported two cases of paroxysmal auricular tachycardia with un- 
usual response to change in posture; the rate in the supine position was as low as 
100 per minute in the first case and 113 per minute in the second. Iliescu and 
Sebastiani*® described an interesting case in which quinidine brought about a 
gradual slowing of the rate of an auricular tachycardia from 158 to 83 per minute 
before the normal sinus mechanism was resumed at 79 per minute. In the present 
communication we record a case in which paroxysmal auricular tachycardia 


occurred spontaneously at a rate of 86 per minute. The patient was in the 
sitting position and no drugs had been administered. 


CASE REPORT 


H. H., a 39-year-old Negro woman, was referred to the clinic in November, 1945. Her 
present illness had begun in March, 1940, when she first complained of dyspnea on exertion, cough, 
expectoration, and hemoptysis. She was found to have far-advanced pulmonary tuberculosis and 
was sent toa sanatorium. After fifteen months of treatment, consisting of bed rest and graduated 
exercise, she was discharged with her disease apparently arrested. She felt quite well until shortly 
before she was seen at the clinic, when her original symptoms returned. On examination she 
appeared to be well nourished and well developed. There was pallor of the mucous membranes. 
The thyroid gland was not enlarged. The thorax was symmetrical in contour. Expansion of the 
chest was normal and there was no impairment of the percussion note. The breath sounds were 
diminished and scattered rales were audible throughout both lung fields. The apex beat of the 
heart was not displaced, no thrills or murmurs were present, and the heart sounds were normal. 
The heart rate was 84 per minute and the rhythm appeared to be regular. The blood pressure 
was 120/80. The liver and spleen were not palpable and there was no peripheral edema. 

An x-ray film of the chest revealed diffuse, scattered, productive infiltrations throughout 
both lung fields. The heart was vertical in position, and there was marked prominence of the 
pulmonary artery segment. The aortic knob was poorly visualized. Repeated examinations of 
the sputum were consistently negative for tubercle bacilli. The blood count showed a mild 
normocytic anemia and a normal white blood cell and differential count. The erythrocyte sedi- 
mentation rate was 80 mm. in one hour. The blood Kline test was negative. The urine was 
normal. 


From the Cardiac Clinic of the Newark Health Department. 
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The patient became progressively more dyspneic on exertion, and also suffered from attacks 
of paroxysmal dyspnea while at rest. She died suddenly during one of these paroxysms of dyspnea 
of Feb. 21, 1946. The cause of death was presumed to be pulmonary insufficiency. Necropsy 
was not performed. 


ANALYSIS OF ELECTROCARDIOGRAMS 


Frequent electrocardiograms were taken. Two of these will be reported in 
some detail. In both instances, the patient was in the sitting position and 
there had been no recent drug administration. Fig. 1 illustrates the electro- 


Fig. 1.—Electrocardiogram taken Nov. 29, 1945. The following auricular complexes are identified 
as premature auricular contractions: In Lead I, the second, fourth, sixth, eighth, and tenth. In 
Lead II, the eighth and tenth. In Lead III, the second, fourth, and sixth. In Lead CF,, the fifth, 
seventh, and tenth. Note sinus arrhythmia and shifting of pacemaker in S-A node. 


cardiogram which was taken on Nov. 29, 1945. The dominant rhythm was of 
sinoauricular origin, with sinus arrhythmia and a shifting pacemaker in the 
sinus node. There was a tendency to right axis deviation. The P-R interval 
following normal sinus impulses was from 0.20 to 0.22 second in duration, and 
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the ORS interval measured 0.06 second. The S-T segment was slightly elevated 
in Lead I and depressed in Leads II and III. The T waves were inverted in 
Leads II, III, and CF,. This pattern was believed to be indicative of right 
ventricular strain. The dominant rhythm was interrupted by frequent auricular 
premature contractions. A bigeminal rhythm was present in Lead I. The 
ectopic P waves were more sharply peaked and narrower than the normal auricu- 
lar complexes, and were multifocal in origin. The P-R interval corresponding 
to ectopic P waves was prolonged from 0.28 to 0.34 second. The coupling 
between normal and ectopic beats was not fixed. The inter-extrasystolic in- 
terval was constant in Lead I, and measured 1.36 seconds. It varied slightly 
in the other leads, between 1.29 and 1.31 seconds. 

The tracings shown in Fig. 2 were recorded on Dec. 4, 1945. In Lead II 
the first eight beats constituted a run of a paroxysmal auricular rhythm which 
terminated abruptly and was followed by a postparoxysmal pause. The interval 
between beats measured 0.70 second, corresponding to a rate of 86 per minute. 
The P waves were definitely aberrant, and were higher in voltage than the 
normal P waves. The P-R interval was prolonged to 0.36 second. The ninth, 
eleventh, and sixteenth auricular complexes were of normal sinus origin. The 
P-R intervals following these beats varied from 0.24 to 0.28 second. The tenth 
auricular beat was an isolated auricular extrasystole. The twelfth, thirteenth, 
fourteenth, and fifteenth auricular beats were ectopic and varied in form, in- 
dicating a shift of the ectopic pacemaker. The seventeenth and eighteenth 
auricular beats were of sinus nodal origin, but outside of the normal pacemaker. 
The P-R intervals of the latter two beats were 0.22 and 0.24 second, respectively. 
It will be noticed that the intervals between the eighth and tenth, and the tenth 
and twelfth P waves were twice that of the shorter inter-extrasystolic interval. 
In Lead III, also, a short run of auricular extrasystoles occurred at the beginning 
of the tracing. This run consisted of six beats. Following a postparoxysmal 
pause, the normal sinus mechanism was resumed at a rate of about 70 per minute, 
with shifting of the pacemaker in the sinus node. The eleventh and seventeenth 
auricular beats were extrasystoles. It is of particular interest that the interval 
between the sixth and seventeenth auricular beats was an almost exact multiple 
of the shorter inter-extrasystolic intervals. 

Electrocardiograms which were taken on other occasions consistently showed 
frequent premature auricular contractions. The P-R interval of normal beats 
was from 0.20 to 0.26 second, while that of the premature beats varied from 
0.28 to 0.36 second. 

The ectopic P waves could be differentiated definitely from nomotopic 
beats due to the following facts: (1) They were quite markedly aberrant. (2) 
In Lead II the voltage of some of the ectopic beats was higher than that of the 
normal sinus beats. If the pacemaker were dislocated from its normal position 
to one lower in the S-A node, the P wave should decrease in voltage. (3) The 
P-R interval of ectopic beats was much longer than that of. the normal sinus 
beats. Again, with a shift in the pacemaker in the sinus node, a P-R interval 
that was normal, or shorter than normal, should be anticipated. 
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The runs of extrasystoles which are shown in Fig. 2 fulfilled the following 
criteria for the diagnosis of paroxysmal auricular tachycardia: (1) the P waves 
were definitely aberrant, (2) the first beat of the paroxysm was premature, (3) 
the last beat was followed by a postparoxysmal pause, and (4) the rhythm during 
the paroxysm was perfectly regular. The rate of the paroxysm, however, did 
not fall within the tachycardiac range since it was only 86 per minute. It was, 
nevertheless, faster than the rate of the normal sinus rhythm which, at the 
time, was only 70 per minute. 


DISCUSSION 


Two main theories have been advanced as a possible explanation for the 
mechanism of paroxysmal auricular tachycardia, namely re-entry and para- 
systole. Movitt‘ stated that auricular tachycardia probably is not due to a higher 
center of rhythmicity since, if such were the case, rhythms would be observed 
with rates from 90 per minute and up. He stated further that most authorities 
regard auricular tachycardia as due to the re-entry phenomenon. Lewis,’ how- 
ever, pointed out that the main objection to the re-entry theory is the presence 
of an isoelectric interval between auricular beats. Barker, Wilson, Johnston, 
and Wishart® countered this objection with the hypothesis that the re-entrant 
wave involved in part of its pathway either the S-A or A-V node; the impulse 
would be delayed in traversing nodal tissue and during this interval would not 
cause a deflection in the electrocardiogram. In paroxysmal tachycardias at low 
rates of speed, however, the isoelectric interval would be too prolonged to ac- 
commodate this mechanism. We agree with the contention of Iliescu and Se- 
bastiani® that, in their case, a rate of a paroxysmal auricular tachycardia of only 
83 per minute made the re-entry theory untenable, and the same applies to 
our case. 

In parasystole, ectopic beats occur at intervals which bear no fixed re- 
lationship to the normal sinus rhythm but have a regular, inherent rhythm of 
their own, so that the interval between extrasystolic beats is an exact, or nearly 
exact, multiple of a least common denominator. These criteria were fulfilled in 
our case. As can be seen in Fig. 2, the longer inter-extrasystolic intervals were 
almost exact multiples of the shorter intervals between beats during runs of 
tachycardia. 

If the theory of parasystole be applicable to an auricular rhythm, the as- 
sumption must follow that an impulse can arise, de novo, from auricular tissue, 
a fact which is not generally accepted. Whether the auricle possesses a specific 
conduction system is unknown. Since it is doubted that an impulse can arise 
outside of the specific system, the explanation proposed for ectopic auricular 
rhythms is that they originate in rests of sinus nodal tissue scattered throughout 
the mass of nonspecialized auricular muscle.’ If this hypothesis indeed be true, 
then it would be logical to expect that these aberrant rests potentially, at least. 
should possess the same properties as other portions of the specific system. 

Centers of automaticity throughout the specific conduction system of the 
heart possess the potentiality of developing rhythms of varying rates of speed. 
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Rhythms of nomotopic origin may vary from a sinus bradycardia of as low a 
rate as 35 per minute through the range of normal sinus rhythm and into the 
fast rates of a sinus tachycardia, reaching levels up to 200 or more per minute. 
The lower centers of impulse formation, the junctional tissue and the ventricular 
conduction system, do not have the marked lability of the sinus node, but do 
give rise to rhythms of either very slow or very rapid rates, and, more rarely, 
intermediate rates which exceed the rate of the sinus pacemaker at the moment. 
Thus, A-V nodal rhythms are usually characterized by rates of 40 to 50 per 
minute and A-V nodal tachycardias by rates of 160 to 250 per minute. In the 
intermediate zone, rates of from 60 to 100 or more per minute may occur, and if 
this rate exceeds that of the sinus nodal pacemaker, A-V nodal interference 
dissociation may result. Similarly, still lower centers in the His bundle or bundle 
branches may exhibit the same phenomenon, giving rise to idioventricular 
rhythm, paroxysmal ventricular tachycardia, or interference dissociation. 

The case which we have described exhibited an ectopic auricular rhythm 
which was faster than the normal sinus rhythm at the time and, therefore, 
took control of the heart, but yet was at a subtachycardiac level (that is, the 
rate was only 86 per minute). We believe that this type of rhythm is analogous 
to A-V nodal or ventricular rhythms of intermediate rates of speed, as seen in 
interference dissociation. 


SUMMARY 


1. An unusual auricular rhythm is described. It fulfilled the major criteria 
for the identification of paroxysmal auricular tachycardia, with the exception 
of the fact that the rate was comparatively slow at 86 per minute. The rate 
of the normal sinus rhythm at the time, however, was only 70 per minute. 

2. Theoretical implications are discussed, and it was concluded that the 
underlying mechanism of this arrhythmia was parasystole. 
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WOLFF-PARKINSON-WHITE SYNDROME IN A CASE OF 
CONGENITAL HEART DISEASE 


Max H. Stern, M.D. 
BROOKLYN, N. Y. 


HE majority of cases of the Wolff-Parkinson-White syndrome reported 

in the literature have been normal young adults with no demonstrable organic 
heart disease. In his review of the literature on the subject, Bishop! studied 
forty-five cases, and found a few patients who had acute glomerulonephritis, 
inactive rheumatic heart disease, and hypertensive cardiovascular disease asso- 
ciated with the syndrome under discussion. None of the cases in this series had 
congenital heart disease. Bishop concluded that when organic heart disease 
was present, it was only coincidental, and not responsible for the syndrome of a 
short P-R interval and widened QRS complex of the bundle branch block type. 

Two possible explanations for the conduction disturbance of the Wolff- 
Parkinson-White syndrome can be stated. It is a functional or a structural 
anomalous disturbance. 

Butterworth and Poindexter? have experimented with cats and dogs by the 
use of an artificial electrical conducting pathway and were able to reproduce 
the pattern of the Wolff-Parkinson-White syndrome electrocardiographically. 
This evidence would be in favor of the explanation which attributes the syndrome 
to an anomalous structural disturbance. Wood, Wolferth, and Geckeler* have 
given additional evidence in favor of this view. They reported a case of short 
P-R interval and prolonged QRS complex in a 13-year-old boy who died during 
an attack of paroxysmal tachycardia. The autopsy findings demonstrated 


accessory muscular connections between the right auricle and right ventricle, 


in the same general region as the ones described by Kent. 

On the other hand, Fox, Travell, and Molofsky* described a case in a 20- 
year-old man, in whom they were able to widen the QRS interval with digitalis 
and shorten it with atropine. They, therefore, assumed that there was a vagal 
component in the mechanism of the Wolff-Parkinson-White syndrome. 

Recently, the author® reported a case in which an electrocardiogram showed 
alternation of normal complexes and complexes characteristic of the Wolff- 
Parkinson-White syndrome. It was felt that alternate conduction of auricular 
impulses through the bundle of His and through an aberrant auriculoventricular 
pathway, such as the bundle of Kent, would best explain this finding. 

Since any observation which bears any relationship to the etiological ex- 
planation of the Wolff-Parkinson-White syndrome is of interest, the following 
case is being reported. 


Received for publication Oct. 1, 1946. 
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STEIN: WOLFF-PARKINSON-WHITE SYNDROME 


CASE REPORT 


A 27-year-old soldier with three years and eight months service was admitted to the Regional 
Hcspital at Fort Leonard Wood, Mo., on Oct. 12, 1945, after a routine physical examination for 
separation had revealed that he had tachycardia, clubbing of the fingers, and an enlarged heart. 


His past history and family history were noncontributory. He did not have any knowl- 
edge of heart disease, having led an active life and engaged in combat in the European Theatre 
of Operations with a field artillery unit. There was no history of shortness of breath, precordial 
pain, nor any other distress. There was no history of rheumatic fever nor chorea in the past. 
His face and hands always were ruddy, but he considered this to be a nermal condition. 


Fig. 1.—Electrocardiogram showing Wolff-Parkinson-White syndrome taken Oct. 12, 1945. 


On physical examination, his face and neck were of a ruddy complexion. Both hands and 
feet showed definite cyanosis in the dependent position. There was a moderate clubbing of the 
fingers and toes. The heart rate was 78 per minute, and the blood pressure was 128/82 in the 
right arm and 124/82 in the left arm. There was a loud systolic murmur along the left sternal 
border, followed by a reduplicated second heart sound. The cardiac murmur was loudest between 
the third and fourth left intercostal spaces in the recumbent and left lateral position. 


The electrocardiogram taken on Oct. 12, 1945, showed the pattern of the Wolff-Parkinson- 
White syndrome and was unchanged each time it was repeated (Fig. 1). Atropine and exercise 
had no effect on the tracing. An x-ray film of the heart showed unusually well-rounded contours 
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with enlargement. The transverse diameter of the heart was 16 cm. and that of the chest was 
29.5 centimeters (Fig. 2). 

Blood Kahn was negative. Blood count showed 5,530,000 erythrocytes; hemoglobin, 109 
per cent (17.0 Gm.); and 10,000 white blood cells, with 71 per cent polymorphonuclear leucocytes, 
27 per cent lymphocytes, 1 per cent eosinophiles, and 1 per cent basophiles. Blood sedimentation 


Fig. 2.—Teleroentgenogram of heart made Oct. 12, 1945. 


rate (Westergren) was 3 mm. in one hour. The hematocrit showed 56 per cent volume of packed 
red blood cells. Urine was negative. 


The ether circulation time was performed on two separate occasions, several days apart, 
and a double end point was found each time. It was found to be 3 and 7 seconds the first time, 
and 5 and 9 seconds on the recheck test. 
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STEIN: WOLFF-PARKINSON-WHITE SYNDROME 


COMMENT 


The diagnosis of congenital heart disease seemed to be warranted because 
of the cardiac murmur, x-ray findings, clubbing’ ‘of the fingers, cyanosis, and 
double end point in the ether circulation time. The anatomic lesions present 
in this case were considered as possibly a patent interventricular septum, slight 
dextroposition of the aorta, and slight hypertrophy of the right ventricle. 


It is entirely realized that the occurrence of the Wolff-Parkinson-White 
syndrome in a single case of congenital heart disease constitutes no real evidence 
of the congenital origin of this disturbance. It is felt, nevertheless, that the 
association as it existed in the case reported is of interest. 


SUMMARY 


1. A brief resume of some of the etiological factors in the Wolff-Parkinson- 
White syndrome has been presented. 

2. A case is presented in which congenital heart disease was associated 
with this syndrome. 
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Abstracts and Reviews 


Selected Abstracts 


Vaughn, A. M.: Multiple Retrograde Saphenous Vein Ligation and Phlebectomy With 
Aid of Malleable Intraluminal Guide. Surgery 21:851 (June), 1947. 


In an attempt to counteract the tendency for recurrences of varicosities and the symptoms 
of chemical phlebitis which follow the use of a sclerosing solution after ligation of the saphenous 
vein, the author utilized a procedure involving high saphenous vein ligation combined with multi- 
ple retrograde ligation and excision of segments of vein. To overcome the difficulty of locating 
the saphenous vein above the knee, he inserted a flexible uterine probe into the lumen of the 
vessel near the fossa ovalis and passed it downward. With the guide in the vein, the vessel can 
be palpated easily through the subcutaneous tissue and thus exposed, dissected out, and a seg- 
ment removed. The guide was also utilized in locating and ligating incompetent communicating 
vessels. It was the author’s impression that recurrences still occurred with such a procedure, but 
that they were not as frequent as when ligation and retrograde injection were used. 

ABRAMSON, 


Comroe, J. H., Jr., and Botelho, S.: The Unreliability of Cyanosis in the Recognition 
of Arterial Anoxemia. Am. J. M. Sc. 214:1 (July), 1947. 


Despite the two careful studies by Stadie and by Lundsgaard and Van Slyke which had in- 
dicated some years ago that serious arterial anoxemia may exist before even moderate cyanosis is 
visible, most physicians have continued to regard cyanosis as the most characteristic sign of 
anoxemia and the most reliable guide for intelligent oxygen therapy. The development of the 
oximeter by Millikan provided the authors with a new method with which they could repeat 
and extend earlier studies, which had given the impression that excellent diagnosticians differ 
widely in their ability to recognize visually the presence of arterial anoxemia. It was found that 
the majority of 127 observers were unable to detect the presence of definite cyanosis until the 
arterial oxygen saturation fell to approximately 80 per cent; 25 per cent of observers did not note 
definite cyanosis even at arterial saturation levels of 71 to 75 per cent. There were marked vari- 
ations in the ability of an observer to note cyanosis in different subjects or even in the same sub- 
ject at different times. There were wide variations in color estimations when five to ten observers 
watched cyanosis develop in the same subject at the same time. 

It is concluded that the detection of cyanosis is dependent not only upon variable factors 
in the patient but also upon the ability of individual observers to note color changes. Visual 
impressions of cyanosis are unreliable. Serious grades of arterial anoxemia may be unrecognized 
by many physicians unless arterial blood is obtained and analyzed for oxygen content and ca- 
pacity. 

DURANT. 


Katz, S., Hussey, H. H., and Veal, J. R.: Phlebography for the Study of Obstruction of 
the Veins of the Superior Vena Caval System. Am. J. M. Sc. 214:7 (July), 1947. 
Phlebography, by providing roentgen visualization of the veins, offers a method unequalled 

by other techniques for defining and localizing lesions of the veins and determining the distribution 

of the collateral circulation. This method has been used mainly in connection with thrombosis 
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of the veins of the lower extremities. Its importance in similar lesions of the veins of the superior 
vena caval system has not been emphasized. It provides anatomic details which otherwise could 
be obtained only by dissection. For example, there is no other means to differentiate clinically 
obstruction of both innominate veins from occlusion of the superior vena cava, or axillary vein 
thrombosis from obstruction of the subclavian. There is no more accurate method for study of 
the development and extent of the collateral venous circulation. Simplicity is one of the features 
which adds to the attractiveness of the method, and it is almost entirely safe. The interpretation 
of the roentgenograms requires merely a superficial knowledge of anatomy; there is nothing like 
the difficulty encountered in attempts to interpret phlebograms of the deep veins of the leg in 
which anatomic variation is frequent and ideal visualization difficult to obtain. An error of 
interpretation may occur when the film is exposed too soon in which case there will appear to be 
an abrupt termination of the dye-filled veins, simulating obstruction. When there is doubt on 
this score, the phlebogram must be repeated, using a larger amount of the contrast medium so 
that the film can be made after a longer interval of time from the start of the injection. 

It is desirable to have venous pressure measurements made in conjunction with a phlebo- 
graphic study. When there is obstruction in the veins of the superior vena caval system, the 
venous pressure usually is abnormally high and rises higher with the ‘‘exercise test.’’ It is often 
found that with the development of a collateral circulation the venous pressure becomes lower 
and may even become normal, although the response to the ‘‘exercise test’’ persists. This in- 
dicates functional improvement of the venous circulation, a fact which is not apparent from the 


phlebographic study alone. 


DURANT. 


Heyer, H. E., Winans, H. M., and Plessinger, V. I.: Alterations in the Form of the Elec- 
trocardiogram in Patients With Mental Disease. Am. J. M. Sc. 214:23 (July), 1947. 


In a series of 200 patients with mental disease, a high incidence of electrocardiographic aber- 
rations was noted as compared with 200 normal subjects. Definite changes were noted in 21.5 
per cent of the psychiatric patients, as compared with a frequency of only 3 per cent of such 
changes in the normal subjects. The similarity of many of these changes to those produced by 
emotional stimuli, and by artificial means of stimulation of the autonomic nervous system, is 
discussed. The need for caution in interpreting such findings as abnormal, when they are seen 
in mentally ill patients or in normal persons who are temporarily emotionally disturbed, is 


pointed out. 


DURANT. 


Alexander, F., and White, P. D.: Four Important Congenital Cardiac Conditions 
Causing Cyanosis To Be Differentiated From the Tetralogy of Fallot: Tricuspid 
Atresia, Eisenmenger’s Complex, Transposition of the Great Vessels, and a Single 
Ventricle. Ann. Int. Med. 27:64 (July), 1947. 


The clinical, laboratory, and embryologic features of the four types of cyanotic congenital 
cardiac disease mentioned in the title of the paper are briefly reviewed. In the case of tricuspid 
atresia, the Blalock operation was performed; and although the cyanosis was immediately im- 
proved by this procedure, the 544-month-old infant died suddenly seven and one-half hours post- 
operatively. At autopsy the tricuspid valve was undeveloped, and anatomic adaptations con- 
sisting of interatrial and interventricular septual defects were present. The 17-year-old patient, 
with transposition of the great vessels was also operated upon for the purpose of performing a 
Blalock procedure, but this plan was abandoned when the anomaly of the great vessels was 
found. This patient also died suddenly seven and one-half hours postoperatively. At autopsy 
the only anatomic adaptation consisted of a patent foramen ovale. The 1-month-old infant with 
the common ventricle (cor biloculare) was extremely ill throughout the four day hospitalization 
prior to his sudden death from circulatory and respiratory failure. The anatomic diagnosis was 
established at the autopsy table. Angiocardiography or intracardiac catheterization was not 


used in any of the cases reported in this paper. 
WENDKOs. 
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Hecht, H. H.: Heart Trauma: Myocardial Involvement (Contusion) Following a Non- 
penetrating Injury to the Chest (Airplane Accident). Ann. Int. Med. 27:126 (July), 
1947. 


A 34-year-old civilian air pilot had always been in good health prior to a severe chest injury 
which he suffered when he was violently pulled forward against the resistance of his safety belt 
during a plane crash. When admitted to the hospital, he was in shock and roentgenograms re- 
vealed fractures of the left fifth and sixth ribs, the right sixth and tenth ribs, the sacrum, the 
transverse processes of the fifth lumbar vertebra, the right radius and ulna, and the left tibia 
and fibula. There was a small collection of fluid in both pleural cavities. Shock was treated 
with plasma, blood transfusion, and intravenous glucose and saline; with this therapy, the 
blood pressure rose from 90/60 to 110/70 and his shock state disappeared. 

Examination of the heart at the time of admission revealed no abnormalities. Twenty-four 
hours after the injury, he received an injection of 10 c.c. of adrenal cortical extract which was 
followed two hours later by the development of cyanosis, severe dyspnea, and diaphoresis. The 
heart sounds during this episode of respiratory distress were muffled and the pulse rate had in- 
creased to 145 per minute. Within several hours he was again comfortable but the following 
morning the examiner noted a persistent tachycardia and an apical protodiastolic gallop rhythm. 
Because of the persistence of the gallop rhythm and the tachycardia, even on the fourth hospital 
day, an elctrocardiogram was made. This was found to be normal. Seven days following the 
injury another electrocardiogram was made and minor T wave changes in the unipolar precordial 
leads derived from Position 1 to Position 5 were noted. Electrocardiograms on succeeding days 
showed a progressive distortion of the T waves in these same leads and sixteen days after the 
accident, this deflection remained negative in precordial leads derived from Potisions 1, 2, and 3. 
He was discharged from the hospital twenty days after the accident, since he seemed to have 
made a good clinical recovery. When seen six months later he was quite well except for nonunion 
of the fractured left wrist. The electrocardiogram made at the time of this follow-up visit was 
entirely normal. 

The clinical findings and the temporary T-wave changes in the precordial leads are interpreted 
by the author as manifestations of contusion to the superficial layers of the myocardium close 
to the interventricular septum. He does not completely discard the diagnosis of a traumatic 
pericarditis. The possibility that the cardiac complications and the T-wave changes were causally 
related to the injection of adrenal cortical extract is dismissed by the author. 

WENDKOs, 


Cavelti, Philip A.: Studies on the Pathogenesis of Rheumatic Fever. I: Experimental 
Production of Autoantibodies to Heart, Skeletal Muscle and Connective Tissue. 
Arch. Path. 44:1 (July), 1947. 


The author previously developed ‘‘autoantibodies” to kidney tissue in rabbits and rats by 
injecting renal material in combination with bacterial substances, producing at the same time a 
glomerulonephritis. He then investigated the ability of streptococci to render other tissues 
antigenic, especially heart muscle, skeletal muscle, and connective tissue; structures that are 
chiefly damaged in rheumatic fever. 

Group A beta hemolytic streptococci were the source of the streptococcic pretein which was 
emulsified, mixed with emulsions of ground tissues from rats, and injected into other rats in- 
traperitoneally on ten successive days. This schedule was repeated as often as six times at monthly 
intervals. 

Serologic tests on the blood of these rats showed the presence of antibodies (high aggluti- 
nation titer) when their serums reacted in vitro with extracts of plain (untreated) homologous 
tissues. These autoantibodies reached their highest titer on the seventh day after the last in- 
jection, but they were present to some degree many weeks after immunization. Control serums 
from normal untreated rats and from rats treated with streptococci alone and with tissue emulsion 
alone were also tested. All control serums were negative. Serums from rats treated with 
the streptococcus-tissue emulsion showed true specificity of the autoantibodies when they failed 
to react with heterologous tissue extracts, such as liver, kidney, or spleen. 
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Cavelti concluded that the streptococcus has the capacity of rendering certain substances of 
animal tissues antigenic for the homologous species, presumably by some loose combination 
between the streptococcus and the tissue substance. The antibodies formed in response can 
react with tissue component alone (without the presence of streptococci). Such antibodies may 
be designated as isoantibodies, and since they can cause damage in the same animal in vivo, the 
term “‘autoantibody”’ is applicable. 

GOULEY. 


Aronson, S. F., and Leroy, E.: Electrocardiographic Findings in Leukemia. Blood. 
2:356 (July), 1947. 


The authors reveiw eight cases of leukemia in an endeavor to determine the elect~ .cardio- 
graphic findings in this disease. In five patients, electrocardiograms were taken lec, than one 
month before death, and in the three other patients, five weeks, two months, and seven months, 
respectively, before their death. 

Post-mortem examination was performed on all of the eight patients. In four of them, 
leukemic infiltrates were noted in the various layers of the heart and particularly in the myo- 
cardium. These patients were among the five who presented signs of cardiac failure. In the 
other four patients, the small vessels of the myocardium were engorged with immature white cells. 
In two instances this capillary engorgement was associated with recent small foci of interstitial 
hemorrhages. Severe fatty degeneration was noted in one patient of this group, who manifested 
clinical evidence of left heart failure. ; 

The electrocardiographic changes consisted of sinus tachycardia, S-T segment depression, 
T-wave inversion in limb and precordial leads, prolongation of the PR interval, and premature 
contractions. 

The authors believe that there is a close correlation between the presence of leukemia, myo- 
cardial infiltration, signs of heart disease, and abnormalities of the electrocardiogram. 

BELLET. 


Koenig, A., and Young, E. W.: The Sedimentation Rate in Myocardial Infarction. 
Pennsylvania M. J. 50:1060 (July), 1947. 


The authors studied the sedimentation curves in twenty-one cases of coronary occlusion 
with myocardial infarction. They used a Cutler tube in a Linzenmeier rack with a column of 
blood 50 mm. long, and readings of the height of the red cell column were made every five minutes 
for one hour. The normal rate of sedimentation by this method is generally considered to be 1 
to 8 mm. in one hour for men and 1 to 10 mm. in one hour for women. 

They found that the acceleration of sedimentation begins in the first hours after the throm- 
botic lesion occurs. The most rapid phase appears four or five days after the acute attack, and 
is characterized not only by a fall of 20 or 25 mm. in an hour, but also by the beginning of sedi- 
mentation in the second or even the first five-minute period. A curve of equal depth which does 
not begin to fall until the third or fourth five-minute period indicates either the preliminary acute 
phase, or the beginning of improvement. These authors believe that improvement in the sedi- 
mentation curve is a prerequisite for allowing the patient to leave his bed. 

Two cases are present in which definite acceleration persisted for periods of two to six months 
after the acute attack. 

BELLET. 


Neuhof, H.: Venous Thrombosis and Peripheral Pulmonary Embolization. Part I. 
Diagnosis of Venous Thrombosis in the Lower Extremities. J. Mt. Sinai Hosp. 14:110 
(July-August), 1947. 


In the diagnosis of venous thrombosis of the lower extremities, the author presents the 
commonly described signs and also calls attention to a finding which is apparently not generally 
known, namely, infiltration felt on palpation of the deep calf musculature. The area of infiltra- 
tion, which corresponds to the general region of the deep veins of the calf, is determined by having 
the patient rest his heels on the bed, flex the knees, and relax the calf muscles. Thickening and 
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infiltration deep to the gastrocnemius and tenderness are considered a positive sign. This finding 
may exist in venous thrombosis even when Homan’s sign is negative. The author also believes 
that records of the circumference of the calf should be obtained routinely on every patient at the 
beginning of bed illness. In this manner an increase due to venous thrombosis can more readily 
be determined. 

The author points out that venography cannot be depended upon to make the diagnosis of 
deep thrombophlebitis and that it is of decisive diagnostic value only if a normal venous pattern 
has been revealed and thus the absence of venous thrombosis established. He describes a modi- 
fication of the Bauer technique which involves the injection of an additional 20 c.c. of diodrast 
followed by further x-rays of the thigh and leg. This procedure produces better visualization of 
the femoral and iliac veins than is obtained with the original method. The author believes that 
the most important indication for femoroiliac venography exists in the case of the patient who 
shas suffered a severe pulmonary embolism and in whom there is no clinical lead as to whether or 
not the embolus is derived from the legs. It is also useful in instances in which the diagnosis of 


thrombosis cannot be made clinically. 
ABRAMSON. 


Baehr, G., and Pollack, A. D.: Disseminated Lupus Erythematosus and Diffuse Sclero- 
derma. J. A. M. A. 134:1169 (Aug. 2), 1947. 


In 1942, Klemperer and the authors employed the term ‘‘diffuse collagen disease’’ to indicate 
that in disseminated lupus erythematosus and in diffuse scleroderma, the basic morphologic 
changes were found in the connective tissues. Similar but less conspicuous changes in the con- 
nective tissues are observed also in rheumatic fever, periarteritis nodosa, rheumatoid arthritis, 
thromboangiitis obliterans, and serum sickness. The following report is a reiteration and ampli- 
fication of their veiws on the subject. One important purpose of this report is to emphasize that 
the allergic basis for this condition is far from proven. 

Connective tissue can react to injury in three basic ways: by fibrinoid degeneration or necro- 
sis, by fibrillar augmentation or sclerosis, by cellular proliferation, or by a combination of these 
changes. Fibrinoid degeneration of collagen can occur both as a general or as a local expression 
of injury in a variety of heterogeneous and dissimilar disease processes. Fibrinoid degeneration 
of collagen is, therefore, not a pathologic process of sufficient specificity to serve as a reliable com- 
mon denominator for the classification of disease. It certainly does not warrant the grouping 
of all such conditions into a common category of allergic diseases. 

Disseminated lupus erythematosus and diffuse scleroderma have in common a similar mor- 
phologic expression, namely, fibrinoid degeneration of collagen and identical lesions of blood 
vessels, glomeruli, endocardium, and the serous and synovial membranes. However, they are 
so dissimilar clinically that they seem related neither to each other nor to rheumatic fever, rheuma- 
toid arthritis, serum sickness, periarteritis nodosa, or thromboangiitis obliterans, in which similar 
collagen changes may occur as part of the pathologic process. 

Acceptance of an allergic basis for these two diseases without other supporting evidence 


serves merely to discourage other investigative approaches into their essential nature. 
BELLET. 


Martin W. B., and Spink, W. W.: Endocarditis Due to Type B Hemophilus Influenzae 
Involving Only the Tricuspid Valve. Am. J. M. Sc. 214:139 (August), 1947. 


A case is reported of a 17-year-old girl, who had a debilitating febrile disease which pro- 
duced symptoms for five months before her death. A rough systolic murmur was heard in the 
fourth left intercostal space, and, late in the course of the disease, a diastolic murmur was heard 
in the same region. The spleen became palpable during the latter part of the illness. No petechiae 
were observed at any time. Repeated blood cultures were sterile, except on two occasions when 
a coagulase negative staphylococcus was obtained. At post-mortem examination the entire 
length of the tricuspid valve was found to be occupied by large, yellow, warty vegetations ex- 
tending a full 18 mm. out from the valve margin. The vegetations extended down the chorda 
tendineae and there was one patch on the ventricular endocardium. The aortic and pulmonary 
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valves were normal. The mitral valve showed slight thickening but was not deformed and had 
no vegetations. Microscopically, the mitral valve showed evidence of an old rheumatic infection 
which had not healed completely. A pure culture of Hemophilus influenzae, Type B, was isolated 
from the vegetations on the tricuspid valve. Inasmuch as this organism had not been found 
ante mortem, streptomycin therapy had not been tried. 

As far as the authors can determine, this represents the first reported case of subacute bac- 
terial endocarditis due to Hemophilus influenzae, Type B. It is also of special interest because of 
the isolated involvement of the tricuspid valve. D . 

URANT. 


Stats, D., Neuhof, H.: Concentrated Aqueous Heparin. A New Form of Intramuscular 
Administration. Am. J.M. Sc. 214:159 (Aug.), 1947. 


This communication describes the clinical utilization of a new preparation of concentrated 
aqueous heparin whch can be administered intramuscularly. This preparation contains 100 mg. of 
heparin per c.c., is free from foreign substances or vasoconstrictor agents, and is watery in appearance 
and viscosity. It has been injected by nurses into the gluteal muscles with the regular intramuscular 
syringes and needles at eight to twelve hour intervals. The dosage required is roughly correlated 
with the body weight of the patient. Adequate prolongation of the coagulation time is usually ob- 
tained in patients weighing between 100 and 130 pounds by administering 100 mg. every eight hours 
or 120 mg. every twelve hours. In heavier individuals larger doses may be required. The maximum 
daily dose should not exceed 450 milligrams. The successful heparinization of patients weighing 
over 170 pounds may be obtained by giving 1 mg. per pound of body weight as the initial dose and 
between 0.5 and 0.7 mg. per pound at eight hour intervals subsequently. The medication was ad- 
ministered over a period of several months to most of the postoperative patients of a general surgical 
service. There was noexisting intravascular thrombosis in this group of ninety patients and none de- 
veloped venous thrombosis. It was found that bleeding at the operative site could be averted if 
the anticoagulant was withheld until forty-eight to sixty hours had elapsed after the operation. In 


a small group of cases with thrombophlebitis which the authors have also treated, they observed 
the same rapid subsidence of fever, tenderness, and edema in the affected extremity that others have 
described with different preparations of heparin and other anticoagulants. 

They conclude that this preparation provides a simple, safe, and essentially painless form in 
which heparin can be administered intramuscularly to achieve a desired anticoagulant effect. 


DURANT. 


Parin, V. V.: The Role of Pulmonary Vessels in the Reflex Control of the Blood 
Circulation. Am. J. M. Sc. 214:167 (Aug.), 1947. 


This Russian investigator has studied reflexes originating in the pulmonary circulation in a 
large series of experiments using cats as the experimental animal. The left pulmonary artery was 
cannulated and the left pulmonary veins ligated so that, while the left lung had its innervation in- 
tact, it was completely isolated from the main blood circulation. Under these circumstances, an 
increase of pressure in the vessels of the excluded lung caused extensive changes of the whole circula- 
tory system which had incontestably a reflex character. These changes consisted in a reaction 
which was depressor in type and had two components; a cardiac one with a considerable drop in the 
heart rate, and a vasomotor one with peripheral vasodilatation. Hence, the reaction was analogous 
to those observed in the known depressor and carotid reflexes, though not so strong as the latter, This 
reflex should have an appropriate place among those mechanisms which play an important role in 
the “automatic” regulation of the circulation. In such increases of pressure in the pulmonary vascu- 
lar stream as may arise in a number of physiologic and pathologic conditions (Valsalva's experiment, 
embolism of the pulmonary artery, ar.d so forth), the reflex from the pulmonary arteries, by lowering 
of the heart action and by transfer of blood into the greater circulation via extensive vasodilatation 
and increase in the capacity of the depot, prevents the weak musculature of the right ventricle 
from being overburdened by work. At the same time, this reflex has probably some significance in 
the prevention of pulmonary edema which easily occurs in cases of prolonged increase of pressure in 
the pulmonary artery system, DURANT. 
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Meneely, G. R., and Segaloff, A.: Observations on the Velocity of the Blood in Normal 
Men in the Basal State. Am. J. M. Sc. 214:176 (Aug.), 1947. 


Duplicate determinations of the blood velocity of forty six normal men in the basal state were 
made with the calcium-magnesium salt mixture of Spier, Wright, and Saylor (Macasol). Thearm-to- 
tongue time was 16.7 + 4.8 seconds; the arm-to-perineum time, 26 + 8.4 seconds; the arm-to- 
hand time, 28.1 + 6.6 seconds; and the arm-to-foot time, 37.4 + 9.5 seconds. These times are 
signifcantly longer than those previously reported and indicate that measurement of the blood 
velocity is not as useful as many believe, because the relatively wide range of “normal” values 
overlaps the “abnormal” values in the very cases wherein the differential significance of the test 
would be most important. In addition to many previously reported factors affecting the determina- 
tion of blood velocity, anxiety as a factor could have been a definite variable in one of the experi- 
ments. There was no simple relation between the velocity of the blood and the height, weight, age, 
or pulse rate of the subjects, nor was any seasonal variation perceptible. No untoward reactions 
of any kind occurred and end points were secured in all but two subjects. One blank occurred, 
apparently because the subject ‘“‘pooled” the injected material in the arm; the end point sensation 
was detected only when he moved his arm to arise after the test. 

DuRANT. 


Robb, J. S., and Turman, W. G.: Further Consideration of the QT Interval. Am. J. M. 
Sc. 214:180 (Aug.),* 1947. 


A bundle of His is present in the human fetal heart and this tissue merges imperceptibly along 
a longitudinal axis into heart muscle cells, a given strand supplyinga limited area. The possibility 
exists that this structure, similar in its distribution to the bundle of His and its ramifications in 
ungulates, is not the “conducting system.”’ If not, and if conduction from auricle to ventricle is by 
way of nerves, then since no parasympathetic nerves reach the ventricular muscle, the sympathetic 


nerves would need to be the “conducting tissue.’’ As yet no method has been devised for differential 
sympathetic staining, and the ultimate distribution of these nerves to ventricular muscle is not 
known. Hence, if the structure which is similar in distribution to the bundle of His in ungulates is 
not the conducting pathway, we then know nothing of the conducting system to the ventricle. 
Because cutting and crushing experiments damage all tissues in this region, such procedures can 
never determine which tissue serves for conduction. 

In accordance with the distribution of this differentially stained tissue and in accordance with 
much data available in the literature regarding initial negativity of heart surfaces, it is suggested 
that quite limited areas of heart muscle, “islands,”’ depolarize as a result of stimuli arriving over 
these numerous anatomic pathways. Fromstudies of the Q-T interval in various species of animals, 
it is shown that the relationship of this interval to the cycle length is independent of the total mass 
of the heait The Q-T duration seems to be directly related to metabolism, presumably cardiac 


cellular metabolism. In the intact dog, the Q ratio is decreased by vagal stimulation and 
cycle 


increased after atropinization and by accelerator stimulation. Measurements of Q-T made under 
such conditions that the number of variables active at one time is limited offer an indication of 
the state of the heart muscle (that is, the effect of increased acetylcholine or epinephrine). Thus 
Q-T duration for a given cycle length can be varied at will. The reason for lack of ‘‘clinical useful- 
ness” of measurements of Q-T may be that the specific effects of all possible variables are not yet 


known. In laboratory animals the Q , ratio seems more significant than mere Q-T duration. 
cycle 


DURANT. 


Logan, M., Ferris, E. B., Engel, G. L., and Evans, J. P.: Arterialization of Internal Jugular 
Blood during Hyperventilation as in Aid in the Diagnosis of Intracranial Vascular 
Tumors. Ann. Int. Med. 27:220 (Aug.), 1947. 


In the course of study of sixty-nine samples of internal jugular blood taken before and during 
hyperventilation in persons without vascular tumors, is was found that the usual reaction was for 
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the oxygen content to fall during hyperventilation. In a small percentage of the cases the oxygen 
content remained unchanged or rose slightly. In a patient with a demonstrated intracerebral 
vascular tumor in the left frontoparietal region, hyperventilation increased the oxygen saturation 
of the internal jugular blood to almost arterial levels (95 per cent). This relatively simple procedure 
is, therefore, suggested by the authors as an aid in the diagnosis of vascular intracranial tumors. 
It is postulated that the findings reflect a shunting of blood through the vascular anomaly during 
cerebral vasoconstriction associated with hyperventilation and in this way leads to increased ar- 


terialization of the internal jugular blood. 
WENDKOs. 


Kimball, J. L., and Burch, G.: The Prognosis of the Wolff-Parkinson-White Syndrome. 

Ann. Int. Med. 27:239 (Aug.), 1947. 

A 38-year-old woman and a male infant one month old died suddenly during attacks of 
paroxysmal tachycardia. Electrocardiographic records prior to death indicated the presence of the 
Wolff-Parkinson-White anomaly in each instance. In the adult, no clinical evidence of associated 
organic heart disease could be discovered. In the case of the infant, the autopsy did not disclose 
any evidence of congenital or acquired cardiac defects. On the basis of this experience, the authors 
suggest that the syndrome of anomalous atrioventricular excitation should not always be con- 


sidered entirely benign. 
WENDKOs. 


Katz, L. N., Winton, S. S., and Megibow, R.S.: Psychosomatic Aspects of Cardiac Ar- 
rhythmias: A Physiological Dynamic Approach. Ann. Int. Med. 27:261 (Aug.), 1947. 

The purpose of this paper is to blend together various developments from the fields of psychia- 
try, physiology, and classical cardiology, with the view of breaking down the provincial barriers of 
each field in its individualistic approach to the psychosomatic problem of cardiac arrythmias. It 
is considered that the summation of the psychic stimuli, regardless of its pattern, must exert its 
affect through either one or the other division of the autonomic nervous system, as well as the 
endocrine glands. 

The authors accept the view that, since the human heart is under the constant influence of 
the central nervous system with centers located in the medulla oblongata in the floor of the fourth 
ventricle, it would be expected that the cardioregulatory centers are influenced by impulses arising 
from the hypothalamus and cortex. The authors briefly review the experimental studies indicating 
that cortical stimulation influences the cardioregulatory centers. For instance, stimulation of the 
anterior hypothalamus produces slowing of the heart rate and prolongs A-V conduction, while 
stimulation of the posterior hypothalamus causes tachycardia and frequent premature systoles. 
For this reason, psychic impulses may be expected to upset the tonic balance in the cardioregula- 
tory centers and cause (1) depression or stimulation of the primary pace maker of the heart, pro- 
ducing sinus tachycardia, sinus bradycardia, and sinus standstill; (2) increased irritability of 
subsidiary pace makers, giving rise to paroxysmal tachycardia of supraventricular or ventricular 
origin, or to paroxysmal auricular fibrillation and flutter, and even possibly to ventricular fibril- 
lation with sudden death; and (3) heart block, for example, sinoauricular or A-V block and, more 
rarely, intraventricular block. 

The proper management of the psychoneurotic individual suffering from cardiac irregularity 
is also stressed. Simple principles involving the psychotherapeutic approach are briefly outlined. 
The point is also made that even though the arrythmia has been diagnosed as psychosomatic, all 
aids of examination should be utilized in order to rule out every possibility of an organic basis for 


the irregularity. 
WENDKOs. 


McElroy, J. W., Davis, J. P., and Michelson, R. P.: Complete Transposition of the 
Arterial Trunks with Closed Interventricular Septum. Ann. Int. Med. 27:308 (Aug.), 
1947. 

The authors add one more case to the fifty authenticated cases of transposed arterial trunks 
with closed interventricular septum reported up to 1929. The patient was an infant who lived for 
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five weeks, although cyanosis had been present since birth. Death was preceded by the rapid de- 
velopment of respiratory distress and congestive heart failure. Associated anomalies included a 


patent ductus arteriosus and a patent foramen ovale. 

A twin brother in whom a loud basal systolic murmur had been heard at the age of 4 weeks, 
died at the age of 2 months following a sudden attack of dyspnea and cyanosis. Although some 
form of congenital heart disease was suspected in this twin infant, autopsy was refused and, there. 
fore, the exact diagnosis was never established. 

WENDKOs. 


Blakemore, A. H.: The Clinical Behavior of Arteriosclerotic Aneurysm of the Abdominal 

Aorta: A Rational Surgical Therapy. Ann. Surg. 126:195 (Aug.), 1947. 

Blakemore outlines the characteristic features of abdominal aneurysms and differentiates 
between the arteriosolerotic and syphilitic varieties. The former was encountered twenty-six times, 
while the latter was observed six time at the Presbyterian Hospital, New York City, in recent years. 
Arteriosclerotic abdominal aneurysms are fusiform, rarely erode vertebrae (one out of twenty-six 
cases), originate 3.0 to 4.0 cm. above the orifice of the renal arteries, seldom cause significant symp- 
toms until they leak retroperitoneally, and usually end fatally two to six days after the original 
rupture. Syphilitic aneurysms of the abdominal aorta, on the other hand, are saccular, usually 
have their point of origin above the renal arteries, erode vertebral bodies, and therefore, are 
associated with marked radicular pain. 

The author then discusses the hemodynamics of fusiform and wide- and narrow-mouthed 
saccular aneurysms, pointing out that nature’s cure consists in brimful clotting which occurs 
spontaneously only occasionally in narrow-mouthed saccular aneurysms. The rate of blood flow in 
the aneurysm is the second important factor in considering a therapeutic approach. 

By means of his electrothermic method of coagulating aneurysms, Blakemore can determine 
the rate of blood flow and hence the type of aneursym, and further how much wire is necessary to 
introduce and heat in order to obtain brimful clotting. In fusiform abdominal aneurysms it is 
necessary to completely occlude the aorta and the aneurysm in stages from within, thereby permit- 
ting the development of an adequate collateral circulation to the legs. 

The author has dealt successfully with three out of twenty-six cases of fusiform arterio- 
sclerotic aneurysms and two out of six cases of syphilitic fusiform aneurysm of the abdominal aorta. 

Lorp. 


Sanders, J. H., and Isoe, I. M., Intravenous Oxygen and Pulmonary Embolism. Ann. 

Surg. 126:208 (Aug.), 1947. 

The authors studied the arterial oxygen saturations in a group of patients who were subjected 
to an intravenous injection of oxygen. In the first patient 9.3 cc. of oxygen per minute were ad- 
ministered for twenty minutes and the arterial oxygen saturation fell from 94 per cent to 55.5 
per cent. Associated with this fall, the patient experienced a sensation of pressure in the lower 
chest, cough, restlessness, and profuse perspiration. These symptoms cleared in a few minutes 
after cessation of the oxygen injection. 

Three other experiments in patients not in shock and two in patients in shock further demon- 
strated that intravenous oxygen is not of value in elevating the arterial oxygen saturation and, 
on the contrary, actually lowers it. The explanation of this phenomenon is that the oxygen gas 
bubbles occlude the small arteries and arterioles and are not absorbed by the blood stream. One 
in vitro experiment demonstrated that a small amount of oxygen bubbled through venous blood 
does not increase the oxygen saturation. 

The authors conclude that intravenous oxygen is of doubtful therapeutic value in the treat- 
ment of shock and may actually be harmful. 

Lorp. 


Gross, P., and Benz, E. J.: Pulmonary Embolism by Amniotic Fluid. Surg., Gynec. & 
Obst. 85:315 (Sept.), 1947. 
[In addition to the well-known causes of embolism to the lungs, such as thrombi from venous 
sources in the legs and fat emboli from fracture sites, Gross and Benz report three cases of pulmon- 
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ary embolism by amniotic fluid. The three cases experienced their emboli near the end of labor or 
in the immediate puerperium. The event in each case was characterized by shock which rapidly 
piogressed to a fatal termination within one hour of onset. Antishock therapy was without avail. 

There are no significant gross pathologic findings. However, the characteristic lesion is seen 
in the lungs on microscopic examination where there is found in the smaller arteries, arterioles, 
and alveolar capillaries a bloodless mixture ‘‘consisting of abundant polymorphonuclear leucocytes, 
mucin, bile-stained debris, (meconium), epithelial cells, lanugo hair, and granular debris with or 
without fatty elements.” 

The authors point out that examinations and analysis of the centrifuged blood from the right 
side of the heart reveals three strata in the sediment. ‘“‘The presence of three instead of two strata 
should be considered pathognomonic of this condition. The particulate constituents of amniotic 
fluid including mucus, being of lower specific gravity, settle out as a flocculent layer above the 
leucocytic cream.”’ 

The authors believe that pulmonary embolism by amniotic fluid is a common cause of shock 


and rapid fatality occurring during labor or in the immediate puerperium. 


Lorp. 


Jones, A. M., and Langley, F. A.: Chronic Dissecting Aneurysm. Brit. Heart J. 8:191 

(Oct.), 1946. 

The authors report two cases of dissecting aneurysm in which the diagnosis was made during 
life; one patient survived for three years and the other is alive and comparatively well eight years 
after radiographic recognition of the aortic lesion. 

The first patient had enjoyed good health ‘until the age of 52 years, when she developed a 
severe stabbing pain in the left anterior chest which radiated to the left scapular region and the 
dorsolumbar area. After a time the pain abated, and she had no further severe difficulty until 
the age of 55 years when severe pain in the back of the chest and in the lumbar area forced her to 
seek hospital care. When admitted to the hospital her blood pressure was 210/135 in the right 
arm and 195/130 in the left. Fluoroscopy showed gross dilatation cf the acrta. The Wassermann 
reaction was negative. The history and findings led to a diagnosis of chronic dissecting aneurysm. 
She remained in bed for four months but was never free from pain. Eight weeks after a second 
admission she collapsed and remained semiconscious until she died four days later 

Necropsy revealed the aorta to be greatly dilated from just below the origin of the left sub- 
clavian artery to the level of the diaphragm. At about the middle of the lateral surface of the 
dilated portion there was a transverse tear 2 cm. long where the aneurysm had ruptured into 
the left pleural space. On opening the aneurysm two channels were seen. Where the two channels 
arose from the arch of the aorta the free edge of the septum separating them was rounded and 
smooth and continuous, with a ridge around the mouth of the larger channel; the free margin had 
clearly been separated from this ridge when the dissection started and since both ridge and free 
edge were smooth and healed, this separation obviously was not recent. An unusual feature was 
the presence of atheromatous plaques on the wall cf the aneurysm. 

The second patient, a 36-year-old woman, had been well until the age of 30 years, when she 
began to suffer from severe pain in the back which after treatment with radiant heat and massage 
had disappeared after several months. A return of these symptoms led to hospital admission. The 
pulse rate was 120, and the blood pressure, 200/140. The heart sounds were loud but no murmurs 
were present. Fluoroscopy showed some enlargement of the left ventricle, and considerable diffuse 
enlargement of the thoracic aorta with calcified plaques in its wall. Kymography revealed quite 
good pulsations of the descending aorta. An electrocardiogram showed striking left axis deviation 
associated with diphasic T waves in Leads I and II and depression of the corresponding RS-T 
segments. She was thought to have a chronic dissecting aneurysm. 

While in the hospital she suffered from severeaching pain in the left scapular region, headache, 
and palpitation. On several occasions she became confused and disoriented. Two years after 
hospitalization her right arm and leg became paralyzed while she was walking. Some months later 
she was readmitted to the hospital because of the severity of her epigastric and chest pain. Her 
blood pressure was then 165/110, and the dorsalis pedis pressure, 205/110. While in the hospital 
she had two sudden severe attacks of ‘‘grinding’’ pain in the left chest which could be relieved only 
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by morphia. After her return home the pain continued and became so severe that she returned to 
the hospital and underwent paravertebral alcohol injection. After this procedure her pain di- 
minished and a year later she was almost entirely free from pain. Two years later fluoroscopy 
showed some increase in the size of the heart and aorta and calcification of the aortic wall. The 
right radial pulse was poorer than the left; the blood pressure in the right brachial artery was 
200/125; in the left, 215/125; and in the left dorsalis pedis artery, 240/125. At her last examina- 
tion thirteen years after the onset of symptoms her condition was unchanged. 

BELLET. 


Nylin, G.: The Effect of Adrenalin Injected Intravenously on the Volume of Circu- 
lating Erythrocytes. Acta. cardiol. 1:225 (No. 3 & 4), 1946. 


Adrenalin was injected intravenously in eight subjects for the purpose of determining whether 
any so-called depots empty their blood into the circulatory system. The method used involved 
the injection of red blood corpuscles labeled with radioactive phosphorus. Small doses of adrenalin 
caused an increase of systolic blood pressure from 30 to 105 mm. of mercury. The adrenalin action 
was not followed, however, by any dilution of the circulatory corpuscle volume or by any apparent 
emptying of blood depots. 

LAPLACE. 


Charlier, R.: The Circulatory Physio-pathology of Traumatic Arterio-venous Fistulas 

in Man. Acta. cardiol. 1:232 (No. 3 & 4), 1946. 

A study was made of five subjects who had traumatic arteriovenous fistulas. The presence 
of a traumatic arteriovenous fistula in man induces important changes in the circulatory dynamics. 
Provided there is no heart failure, these changes include a large increase in the cardiac output 
per beat and in the minute volume, a rise of right auricular pressure, a fall of arterial pressure, 
and a slight tachycardia. The tachycardia is induced not only by the arterial hypotension but 
also by the rise of venous pressure (Bainbridge reflex). From acute experiments performed on 
dogs anesthetized with chloralose, it appeared that (1) the afferent path of the Bainbridge reflex 
does not lie exclusively in the vagus nerve, and (2) the tachycardia is induced partly by chemical 
changes in the blood in the right auricle acting directly or by reflex effect. Mechanical occlusion 
of an arteriovenous fistula produces a rise of arterial pressure, a fall of venous pressure, a decrease 
in cardiac output, and a pronounced bradycardia. The bradycardia is not exclusively of vagal 
origin because slowing of the heart rate still occurs after atropinization. It is due to both a rise 
of arterial blood pressure and a fall of*the central venous pressure (Bainbridge reflex). 

LAPLACE. 


Biorck, G., and Pannier, R.: One Hundred Positive Hypoxemia Tests. Acta cardiol. 

1:283 (No. 3 & 4), 1946. 

The authors studied 100 positive hypoxemia tests which occurred in a series of 666 cases. 
The technique employed at first involved the inhalation of a mixture of 10 per cent oxygen for 
twenty minutes. Later, the shorter and more convenient procedure of administering 9 per cent 
oxygen for ten minutes was used. 

It was found that a positive test occurred more often among women than among men. Among 
patients in whom the test was positive but who showed no clinical evidence of coronary disease, 
there was a large proportion of cases of hypertension. Most of the latter showed no enlargement 
of the heart. Among women in whom the test was positive, the nervous and hormonal systems 
appeared to play an important role. 

The authors conclude that a positive hypoxemia test in a patient suspected of having angina 
pectoris is certain evidence of coronary disease. A positive test can appear in cases of organic 
coronary disease in the absence of anginal pain. It is apparent that a positive test can occur in 
patients with functional coronary insufficiency in whom there is no organic coronary disease. 
Such patients may be said to have a disorder of the vegetative nervous system and require special 
treatment. The so-called coronary neurosis of purely psychic origin is quite frequent, but in 


these cases the test is negative. 
LAPLACE. 
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Piron, A.: The Cardiopathy of Friedreich’s Disease. Acta. cardiol. 1:305 (No. 3 & 4), 


1946. 


A detailed study of the cardiovascular system was made in two brothers with Friedreich 
disease. Both patients appeared to have an anginal syndrome and showed electrocardiographic 
changes consistent with a diagnosis of coronary insufficiency. The author points out that cardiac 
disorders occurring in the course of Friedreich’s disease may reasonably be attributed to the effect 
of the medullary lesions on the coronary circulation. He concludes that the hypothesis of the 
medullary origin of angina pectoris is supported by the clinical evidence found in cases of this 


type. 
LAPLACE. 


Frimann-Dahl, J.: On Venography of the Lower Extremities. Acta radiol. 28;199, 1947. 


The author discusses the pertinent information derived from venography in the diagnosis of 
acute and chronic deep thrombophlebitis of the lower extremities, and advises a number of modifi- 
cations in the technique in order to avoid certain pitfalls in the interpretation of the films. He 
calls attention to the finding that if the patient lies in the supine position, with the leg supported 
on the calf and heel, there will be a defective filling of the deep veins in the muscular pad of the 
calf with the result that the film may resemble the picture seen in thrombosis of the deep veins in 
this area. He therefore advocates that all pressure be removed from the calf while the contrast 
medium is being injected, and also that lateral films should be taken to decide whether an in- 
volved vein is superficial or deep. 

On the basis of the findings with venography, the author concludes that pressure against 
the calf veins during rest in bed partly or completely interferes with the return of blood through 
this system of vessels, and that this mechanism may play an important role in the development 
of venous thrombosis. Since crossing the legs in bed likewise interferes with filling of the calf 
veins with the contrast medium, it is possible that this position may also contribute to venous 


thrombosis. 


ABRAMSON. 


Long, W. K., and Farah, A.: The Influence of Certain Sulfhydryl Compounds on the 
Toxicity of an Organic Mercurial Diuretic. J. Pharmacol. & Exper. Therap. 88:388 


(Dec.), 1946. 


Forty deaths following the use of mercurial diuretics have been reported. 
study has suggested that the cause of death is due to a toxic action of mercury on the heart, with 
resultant ventricular fibrillation, or to respiratory failure secondary to a fall in blood pressure. 
This study evaluates the effect of substances containing the sulfhydryl group on the cardiac 
toxicity of salyrgan. 2,3 dimercaptopropanol (BAL), cysteine hydrochloride, glutathione, 
methionine, and cystine were tested. 

Three types of experimental conditions were evaluated. Salyrgan was used as the mercurial 
ineach. (1) Mice were given varying amounts of salyrgan and the 50 per cent lethal dose (L.D.50) 
determined. The sulfhydryl compounds were then injected into mice and followed in one minute 
by the calculated L.D.50. The protective action of the sulfhydryl compounds was measured by 
the increasing amount of salyrgan necessary to produce a 50 per cent mortality. (2) Action of 
salyrgan, protected and unprotected, on the circulation of dogs was determined by simultaneous 
measurement of blood pressure, venous pressure, heart rate, and electrocardiogram. (3) Action 
on the heart-lung preparation of Starling was determined by simultaneous measurement of arterial 
pressure, pulmonary artery pressure, and left and right auricular pressures. 

Methionine and cystine were ineffectual in protecting mice against the control L.D.50 of 
salyrgan. No improvement in circulatory function was noted. BAL, cysteine hydrochloride, 
and glutathione increased the L.D.50 of salyrgan in mice. Their administration promptly reversed 
salyrgan-induced heart failure in dogs. The most severe toxic manifestations short of ventricular 
fibrillation could be reversed. Once ventricular fibrillation had begun, these substances were in- 
effectual. In the heart-lung preparation, the protective action of BAL, cysteine hydrochloride, 
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and glutathione was about equal when calculated in terms of sulfhydryl equivalents. In the 
intact dog, BAL was five to eight times as effective as cysteine hydrochloride and glutathione. 
None had any effect on spontaneous or sodium pentobarbital-induced cardiac failure in the 
heart-lung preparation. 

GODFREY. 


Andre, M. J.: A New Case of a Fatal Attack of Asthma. The Circulatory Manifestations 
of Asthma. Acta clin. belg. 2:1 (Jan.-Feb.), 1947. 


The author reports the case of a 16-year-old girl who died suddenly in the third attack of 
asthma which had occurred in the space of twelve days. The patient was studied carefully with 
special reference to the associated disturbance of cardiovascular function. 

It is pointed out that the predominant lesion in fatal asthma is acute pulmonary emphysema 
due to bronchial and bronchiolar block by abnormal glandular secretion. Although death is at- 
tributed to anoxia, it is impossible to evaluate the element of circulatory impairment, manifesta- 
tions of which include cutaneous vasoconstriction, tachycardia, weak pulse, and hypotension. 
The most characteristic sign is Kussmaul’s pulse: weakening or disappearance of the pulse during 
inspiration. The mechanism of this parodoxical pulse is discussed in detail. 

LAPLACE. 


Baber, M. D., and Daley, D.: Coarctation of Aorta in Association With Pregnancy. 
J. Obst. & Gynaec. Brit. Emp. 46:91 (Feb.), 1947. 


The literature on the titled subject is reviewed and the description of another case is added. 
To date, forty-three cases have been reported in which the majority successfully carried through 
pregnancy. From these reports, it is clear that pregnancy is not contraindicated in the majority 
of these patients. The authors recommend adequate spacing of pregnancy and the avoidance 
of late childbearing as a wise precaution. In spite of reassuring results indicating safety of 
vaginal delivery, the authors have felt inclined ‘‘to play safe,’ and favored delivery by cesar-an 


section of their 26-year-old primipara. 
WAGNER. 


Dripps, R. D., and Comroe, J. H., Jr.: The Respiratory and Circulatory Response of 
Normal Man to Inhalation of 7.6 and 10.4 Per Cent CO, With a Comparison of the 
Maximal Ventilation Produced by Severe Muscular Exercise, Inhalation of CO, and 
Maximal Voluntary Hyperventilation. Am. J. Physiol. 149:43 (April), 1947. 


In these experiments, the effects produced by breathing high concentrations (7.5 to 10 per 
cent) of carbon dioxide have been measured in a large number of normal subjects. In addition 
the maximal respiratory minute volume produced by inhalation of 7.6 and 10.4 per cent carbon 
dioxide was compared with that resulting from exhausting muscular exercise and maximal volun- 
tary hyperventilation. 

When 7.6 per cent carbon dioxide in oxygen was inhaled, the average minute volume of 
respiration increased to 51.5 liters per minute, pulse rate increased 16.7 beats per minute, and the 
blood pressure rose 30.8 mm.Hg systolic and 22.2 mm.Hg diastolic. With 10.4 per cent carbon 
dioxide in oxygen, the respiratory minute volume was 76.3 liters, pulse rate increased 15.6 per 
minute, and the blood pressure rose 33.4 mm.Hg systolic and 25.0 mm.Hg diastolic. When 
carbon dioxide inhalation was stopped, diastolic pressure fell abruptly to normal; the respiration 
and systolic pressure returned slowly to normal. 

The symptoms noted with carbon dioxide inhalations were, in the order of frequency, head- 
ache, dizziness, and dyspnea. Most of the dizziness was noted in the immediate postinhalation 
period, the same time as the abrupt fall in diastolic pressure occurred. The observed effect of 
carbon dioxide, is the sum of a direct carbon dioxide stimulation of medullary centers and a nar- 
cotic action which depressed the respiratory center. They conclude that carbon dioxide inhalation 
in the treatment of indivuduals with depressed centers (due to anesthesia, morphine, and so 
forth) may produce further narcosis with or without hyperpnea or hypertension. They recom- 
mend a mechanical increase of ventilation if such is desired. 
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The narcotic effect probably explains the finding that inhalation of high carbon dioxide 
produces only 43 per cent of maximal ventilation possible by voluntary hyperventilation. Sub- 
jects performing muscular exercise do not breathe more than 66 per cent of the maximal capacity, 
even at a time when their muscles have incurred an oxygen debt. This failure may be due to 
fatigue of the respiratory muscles or inhibitory factors which are not important in the short 
(thirty second) maximal breathing capacity test. The abruptness of fall in diastolic pressure sug- 
gests a sudden withdrawal of a vasoconstrictor reflex rather than a gradual decrease in stimulant 
amounts of carbon dioxide acting upon the vasoconstrictor center. 


BERNSTEIN. 


Quintanilla, R., Krusen, F. H., and Essex, H. E.: Studies on Frost-bite With Special 
Reference to Treatment and the Effect on Minute Blood Vessels. Am. J. Physiol. 


149:149 (April), 1947. 


The anterior extremities of rabbits were immersed in absolute alcohol to which pieces of 
carbon dioxide ice were added until the desired temperature was obtained. The extremity was 
frozen at various temperatures for different lengths of time. Total destruction was obtained in 
three minutes at —40° C., and in 20 minutes at —20° Centigrade. 

The methods of treatment used by the Medical Corps of the Army were found by the authors 
to give discouraging results. It was impossible to determine by inspection which extremities 
were frozen beyond hope of recovery and those which were less seriously frozen. This was con- 
sidered important, because measures which gave good results in mild cases often gave poor re- 
sults in severe cases. All the recommended methods were useless when applied to severely frozen 
feet. Untreated control animals obtained the same degree of recovery as did the treated animals. 
All the methods used were actually no better than no treatment at all. The idea that frostbite 
resulted in coagulation of the blood in the smaller vessels with eventual anoxia and destruction 
of the tissue was not confirmed by direct observation of the rabbit ear vessels exposed to the 
carbon dioxide ice. The vessels were dilated and filled with cells. Their permeability was in- 
creased, with the result that plasma escaped and the formed elements were left concentrated in the 
vessels, An identical picture was seen in vessels of animals whose blood was made noncoagul- 
able by injection of heparin. Prolonged administration of heparin to rabbits whose extremities 
were frozen did not save the feet or alter the expected course. 


BERNSTEIN. 


Byer, E. Toth, L. A., and Ashman, R.: Electrocardiographic Changes Induced by Cool- 
ing or Warming the Inner Surface of the Dog’s Ventricle. Am. J. Physiol. 149:264 
(April), 1947. 


The temperature of the endocardial surface of the dog's ventricle was changed by the intro- 
duction into the ventricle, by arterial catheterization, of Ringer’s solution at various tempera- 
tures. Cooling the inside of the left apex changed the form of and widened the QRS complex and 
also caused conspicuous increase in the height and width of the T wave. Warming had opposite 
but less striking effects on the *T wave and changed the form of the QRS complex. Ringer's 
solution at body temperature caused no changes. Cooling the inner surface of the right ventricle 
caused similar T-wave changes, but reverse effects on the form of the QRS complex. Cooling the 
basal left endocardial surface caused inversion and widening of the T waves. It is reasonable, 
the authors presume, to suppose that the electrical effects were, in fact, brought about by a change 
in rate of repolarization of the endocardial surface as changed by the variable temperature of 
the endocardial ventricular surface. If justified, it follows that changes in the electrical state of 
the subendocardial muscle surface play a part in the genesis of the electrocardiogram. They do 
not claim to directly explain the genesis of the usual upright T wave of the human electrocardio- 
gram, but believe that this experiment is consistent with the view that the upright T wave may 
be produced mainly by an endocardial-epicardial difference in rate of repolarization. 


BERNSTEIN. 
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DeTakats, G., and Reynolds, J. T.: The Surgical Treatment of Aneurysms of the Ab- 
dominal Aorta. Surgery, 21:443 (April), 1947. 


The authors review the literature and discuss briefly the six cases of abdominal aneurysm 
treated successfully by ligation. Successful treatment is defined as survival for more than one 
year following operation. Three of the six cases had expired two, three and one-half, and one and 
one-half years after operation. Three others were living at fourteen months, eleven months, 
and two years after ligation. 

DeTakats and Reynolds present six additional cases of arteriosclerotic and syphilitic aneu- 
rysms of the abdominal aorta in which an operation was performed. In two of the cases ex- 
ploration only was carried out because the aneurysms were found to be inoperable. In three 
cases a one-inch wide, eight-ply layer of cellophane was wrapped around the aorta proximal 
to the aneurysm and sutured snugly with cotton. The patients lived fourteen months, two 
years, and eight months after operation. In one case the aneurysm was operated upon and 
wired on two occasions at a six month interval, but the patient died following a high cordotomy 
sixteen months later. 

The authors point out that the type of cellophane employed for the wrapping of the aorta is 
important, as certain varieties produce more fibrosis than others. They advocate the implantation 
of strips of cellophane into subcutaneous pockets to study the reaction of the connective tissue 
of the patient whose aneurysm is to be treated. 

Lorp. 


Dripps, R. D., and Comroe, J. H., Jr.: The Effect of the Inhalation of High and Low 
Oxygen Concentrations on Respiration, Pulse Rate, Ballistocardiogram and Arterial 
Oxygen Saturation (Oximeter) of Normal Individuals. Am. J. Physiol. 149:277 
(May), 1947. 

Reliable respiratory data are difficult to obtain in normal men because breathing can be 
regulated voluntarily and is often disturbed by many factors in the environment. In these 
experiments, subjects were chosen who were familiar with laboratory surroundings and with the 


experimenters; every effort was made to achieve optimal conditions for obtaining unquestionably 
reliable data. 

An immediate decrease in pulse rate and minute respiraiory volume occurred in twenty- 
eight of thirty-three subjects when inhalation of 100 per cent oxygen followed the inhalation -of 
room air, suggesting that some chemoreceptors of the carotid and aortic bodies are tonically 
active at the oxygen tension present in arterial blood (90 to 100 mm. Hg). The small degree of 
this change indicated that they are only minimally active, since an increase in oxygen tension of 
approximately 570 mm. Hg was followed by only a 3.1 per cent average decrease in respiratory 
minute volume. 

An increased minute volume of respiration was noted in only a few individuals breathing 18 
per cent oxygen, the majority showing no significant change until 16 per cent oxygen was inhaled. 
Individual variability was extreme, and only slight stimulation was noted until 10 or 8 per cent 
oxygen was inhaled. 

Significant increase in pulse rate occurred when the concentration of oxygen in the inspired 
air was reduced from 20.9 to 18 per cent. Further evidence of the respiratory stimulant action of 
100 per cent oxygen and a bradycardia with reduction in cardiac output per minute were obtained. 

BERNSTEIN. 


White, H. L., Heinbecker, P., and Rolf, D.: Some Endocrine Influences on Renal Func- 

tion and Cardiac Output. Am. J. Physiol. 149:404 (May), 1947. 

The effect of simple hypophysectomy on cardiac output was determined in a series of five 
dogs. Cardiac output measurements were made by the Fick method on dogs under sodium pen- 
tobarbital. Within a few days after hypophysectomy, the cardiac output fell to 50 to 80 per cent 
of normal, with usually a further fall in about three weeks. There was then no further fall, at 
least up to four months. The findings indicate that the renal blood flow falls to about the same 
degree as the cardiac output, and that the fall in oxygen consumption approximately equalled 


the fall in cardiac output. 
BERNSTEIN. 


American Heart Association, Inc. 


1790 Broapway, NEw York 19, N. Y. 
Telephone Circle 5-8000 


THE IMPORTANCE OF LOCAL HEART ASSOCIATIONS IN THE 1948 CAMPAIGN 


Professional cooperation with the American Heart Association’s plans for National Heart 
Week (February 8-14), outlined in the December issue of the Journal, can be exerted most effec- 
tively in the organization of local heart associations. Local affiliates of the American Heart Asso- 
ciation have been accurately described as ‘“‘the task forces in the struggle against heart disease.”’ 
Educational and fund-raising efforts can be most effective in those areas where strong local heart 
associations are functioning. 

Through the local heart association, the individual physician can make a major contribution 
in assuring support for education, research, and community service, and in making it possible to 
bring the benefits of scientific research in diseases of the heart and circulation to every citizen. 

Despite the tremendous task which still needs to be done at the local level, many states and 
large communities are without local heart associations. It is hoped that the professional man con- 
cerned with cardiovascular ailments will take the leadership in filling this serious deficiency 


wherever it exists. 
Local physicians have formed the nucleus for the creation of American Heart Association 


affiliates in many communities. The medical and technical guidance they offer is vital in the 
conduct of field activities and implementation of the national program of the American Heart 
Association. 

In all sections of the United States, physicians have shown an enthusiastic readiness to 
support the program of the American Heart Association through the very practical method of 
helping to form local affiliates. In response to many requests for assistance and advice in or- 
ganizing local associations, the American Heart Association recently published ‘“‘A Guide to the 
Formation of Local Affiliates of the American Heart Association.”” This booklet does not at- 
tempt to go into all the detailed phases of local organization and scientific program, but provides 
a starting point and basic outline for procedure. The guide is available on request. 

Among its recommendations, the Guide points out that although medical membership on 
the local heart association is essential for the exchange of information among physicians and in 
special scientific activities, the inclusion of a lay group is most desirable for the satisfactory 
conduct of a real community program which reaches the public. In this, the local structure con- 
forms to the recent reorganization of the American Heart Association which admitted lay mem- 
bers to its governing bodies for the first time. 

Lay members of local heart associations should be drawn from among prominent persons 
associated with business and industry, labor, civic groups, press and radio, advertising and pub- 
licity, education and the church. The chief value of the lay members lies in their ability to assist 
in fund-raising activities, establish contacts and cooperation with other community agencies, 
and the development of public interest in the local program. 

Throughout the planning period, and regularly thereafter, officials of the local association 
should consult with the American Heart Association whose function it is to guide and integrate 
the activities of all local associations and serve as a clearing house for their activities. 

The twenty-two local heart associations now affiliated with the American Heart Association 
carry on various types of programs covering a wide range of activities, but, in general, all have 
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as their common objectives the development of research; the furthering of community programs 
for the diagnosis, treatment, and prevention of heart disease; and the education of physicians, 
other professional groups, local agencies, and the lay public. 

In organizing a new local association, the problem will arise as to how extensive the initial 
program should be. The Guide suggests that the first steps in the program may be directed at 
achieving professional education of physicians, nurses, medical social workers, and teachers, so 
that they will accept the responsibilities involved in developing a community program; lay edu- 
cation for the guidance of those needing services and the dissemination of information that will 
urge patients to seek early medical advice; and public relations and fund-raising campaigns 
designed to publicize and support the program of the local association as well as to provide funds 
to be distributed on a national basis for research in cardiovascular disease. 

The development of a more integrated permanent program will depend upon available funds 
and facilities. 

Additional local heart associations must take their place in the field as rapidly as possible 
to help implement the 1948 campaign of the American Heart Association in research, education, 
and community service, for which a budget of $828,850 has been set. Five hundred thousand 
dollars of this amount will be earmarked for a research program to include the following elements: 

Grants-in-aid to individuals and institutions for basic studies of diseases of the heart and 
circulation; epidemiological studies of various types of heart disease and rheumatic fever; studies 
of the relation of social and economic conditions to cardiovascular disease ; reevaluation of cardio- 
vascular disability in life, health, and accident insurance; and studies of employment problems 
of cardiovascular victims. 

A $125,000 educational budget will include postgraduate education of the medical profession 
through the Scientific Meeting of the American Heart Association; publication of the American 
Heart Journal and other scientific literature; and preparation of slides, pictures, and exhibits. 
This section of the budget also provides for health education of other professional groups, including 
social workers, teachers, school administrators, physicial education instructors, school physicians, 
public health nurses, and public health workers. Health education of the public and publicity for 
national aspects of cardiovascular diseases round out the educational phases of the budget. 

Under the heading of community service, a sum of $203,850 has been designated for assist- 
ance to communities in developing local heart associations and community programs; establish- 
ment of standards for the care of patients with cardiovascular disease; stimulation of and aid in 
establishing rheumatic fever registries; coordination of case findings with the National Tuber- 
culosis Association and other public health agencies; coordination with public health and other 
agencies in syphilis control; liaison with federal, state and local agencies; coordination of stand- 
ards and education of employers and trade unions on vocational training, guidance, and place- 
ment of persons with cardiovascular diseases; and service as a national information center and 
clearing house of cardiovascular activities. 

Fund-raising plans to support this far-reaching program for 1948 will include continued 
efforts to secure special gifts and grants for research projects. Physicians can assist in this phase 
of the campaign by communicating with influential persons in their area, especially those who 
may be suffering from heart disease, to obtain their financial support. 

Physicians are urged to interest laymen in their communities in helping to organize a local 
National Heart Week campaign. To assist in such efforts, the American Heart Association has 
prepared a campaign plan book entitled, ‘“‘Here’s How to Fight Heart Disease.’’ The booklet 
outlines simple steps to be taken in establishing a local Heart Week committee and lists various 
educational and fund-raising aids (such as the plastic heart collection box) which are available. 
Copies of the booklet may be obtained by writing to the American Heart Association. 
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